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 With billions of people living with unsafe drinking water sources, ensuring safe drinking 
water remains a challenging task for environmental engineers and researchers. Human Adenovirus 
(HAdV) is a pathogen listed in the Contaminant Candidate List 4 of the United States 
Environmental Protection Agency. HAdV is highly resistant to monochloramine, a common 
drinking water disinfectant used in the United States and other countries around the world. PR772 
is believed to relate evolutionarily to HAdV, which makes PR772 a potential surrogate virus for 
HAdV. Previous research characterized the monochloramine inactivation kinetics of both viruses, 
and found that the inactivation kinetics at high pH and high temperature was characterized by a 
phase of slower rate followed by faster rate, which was different from the more common fast-slow 
or tailing kinetics observed for other pH-temperature combinations, for both viruses as well as for 
other microorganisms. This thesis further characterized the kinetics of PR772 inactivation by 
monochloramine at high pH and high temperature, and proposed a two-reaction model to describe 
the data. Molecular analyses at various stages of the replication cycle were used to determine which 
viral replication step was hindered by monochloramine disinfection at pH 8.0-30.0℃ (baseline 
condition) and pH 10.5-30.0℃ (high pH and high temperature condition). The results showed that 
early mRNA synthesis, DNA production and late mRNA synthesis were all inhibited. Different 
from previous research on lower temperature and pH, partial genome damage and loss in viral 
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CHAPTER 1: INTRODUCTION AND BACKGROUND 
 
1.1 Introduction 
The 2030 Sustainable Development Goal 6 (SDG6) of the United Nations is "Ensure 
availability and sustainable management of water and sanitation for all”. Water is a basic and 
essential need of human beings, and to ensure drinking water safety is always a challenging task 
for environmental engineers and researchers. The World Health Organization (WHO et al., 2015) 
revealed that unsafe water, unsafe sanitation and lack of hygiene contributed to 871,000 deaths 
solely in 2012; at least 2 billion people live with drinking water sources with fecal contamination 
(WHO, 2017a); the coverage of safely managed drinking water services was estimated to be only 
68% for urban areas and 20% for rural areas by 2015 (WHO, 2017c). 
 
Contaminant Candidate List (CCL) is a list of contaminants under consideration for 
inclusion in federal drinking water regulations. Contaminants listed in CCL are known for their 
occurrence in at least some drinking water systems in the U.S., and may require future regulation. 
Research on the control of these contaminants will help the establishment of relevant regulations. 
Adenovirus is listed in the CCL 1, 2, 3 and 4 Microbial Contaminants (United States 
Environmental Protection Agency, 2016). Adenovirus is rated as “with moderate health 
significance, long persistence in water supplies and high relative infectivity” by WHO (WHO, 
2017b). Human adenovirus (HAdV) is a member of the Adenoviridae family, and has 56 accepted 
types in seven species (Berk, 2013; Wold et al., 2013). HAdV can cause a wide range of health 
effects, such as infections of the gastrointestinal tract, respiratory tract, urinary tract or eyes. The 
type of infection is related to the specific serotype (WHO, 2017b). HAdV can be found at relatively 
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high levels in human feces, and the routes of exposure to patients are various, yet little information 
is known about all the serotypes because of analytical difficulty. Although some evidence shows 
the wide occurrence of HAdV in raw water, more research is needed to prove this (WHO, 2017b). 
 
Free chlorine has always been the most commonly used drinking water disinfectant in the 
United States for over a century because of its relatively low cost and generally good disinfection 
efficacy. However, free chlorine could degrade fast in the water supply systems and result in the 
formation of two groups of disinfection byproducts (DBPs) regulated in the US, i.e., 
trihalomethanes (THMs) and haloacetic acids (HAAs). To achieve stable residual chlorine in water 
distribution systems while also meeting the regulations regarding DBPs, ammonia is often used to 
convert free chlorine into chloramines. Although HAdV is sensitive to free chlorine, many studies 
have shown its high resistance to monochloramine, which is the main species of chloramines under 
conditions (slight molar excess of ammonia over chlorine) typically used in drinking water 
distribution systems (Baxter et al., 2007; Sirikanchana et al., 2008; Gall1 et al., 2016b). The 
mechanistic reason for this difference in resistance is still unclear, and thus research on HAdV 
inactivation by monochloramine remains a priority. 
 
1.2 Background of This Thesis 
Human viruses are difficult to work with outside research laboratories. First, the techniques 
used to detect infective human viruses generally require the use of relatively expensive instruments 
and contamination-prone human cell cultures. Second, the potential hazard to the experimenters 
working with this biosafety level 2 pathogen requires recurrent safety training. Third, because of 
                                                            
1 The two surnames, Gall and Moor, are repeatedly mentioned in this thesis. Gall and Moor refer to the same person 
- Gall is Moor’s maiden name. 
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the potential of consumer exposure, it is not possible to apply human viruses to study their fate 
and transport in water treatment systems and watershed field studies. Because of these limitations, 
it would be attractive to use viral surrogates. Bacteriophages are good surrogate candidates because 
they utilize bacteria cells as their hosts, thus not infecting human cells, and are easier to culture. If 
a bacteriophage is similar to HAdV and has similar inactivation kinetics by the disinfectant of 
interest, it can be used as a safe surrogate virus for HAdV in water treatment plants and field 
studies.  
 
PR772 was considered as a potential surrogate virus for HAdV. PR772 is a member of the 
family Tectiviridae, with six PRD1-like genera that infect gram-negative bacteria includes PR772 
(Bamford et al., 1995; Lute et al., 2004). Like HAdV, PR772 is also icosahedral medium-sized 
linear-dsDNA virus (Figure 1). Although the two viruses have distinct hosts of different kingdoms, 
recent advances in understanding viral structure and their proteins have led to proposing (Bamford, 
2005) that because of their similarities in genome replication mechanism, capsid architecture, fold 
of major coat protein and vertex organization, for which Moor has a brief nice summary (Moor, 
2016, page 26), Tectiviridae is evolutionarily related to HAdV. 
 
In Moor’s Ph.D work (Moor, 2016), the viruses studied were HAdV Serotype 2 (HAdV-2) 
and bacteriophage PR772. The inactivation kinetics and mechanisms of the viruses with free 
chlorine or monochloramine were characterized.  An interesting phenomenon observed for the 
inactivation kinetics of both HAdV-2 and PR772 with monochloramine was that at the highest pH 
levels and highest temperature investigated (pH 9.0, 10.0, temperature 30℃ for HAdV-2; pH 10.0, 
10.2, temperature 30℃ for PR772), the inactivation kinetics of both viruses differ from the other 
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pH-temperature combinations (see Figure 2). Most pH-temperature combinations that Moor 
studied were characterized by a phase of slower kinetics followed by faster kinetics. The data were 
represented by a two-population kinetic model based on the assumption that the viruses had two 
populations with different susceptibility to monochloramine. However, the high pH-temperature 
kinetic data sets could not be represented with the same model. Besides, Moor studied the 
inactivation mechanisms only at pH 8.0-15℃. This led to the objective of this master thesis: 
investigate the kinetics and mechanisms of PR772 inactivation by monochloramine at high pH and 










Figure 2: Inactivation kinetics of HAdV-2 (top) and PR772 (middle and bottom; figure at 
the bottom has the same data as the middle figure with an expanded x-axis for ease of 
viewing the faster kinetics) by monochloramine (Gall, 2016b; Moor, 2016) 
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CHAPTER 2: MATERIALS AND METHODS 
 
2.1 PR772 Propagation and Viability Assessment 
Bacteriophage PR772 (ATCC BAA-769-B1) and its host Escherichia coli (E. coli) strain 
K12 J531-1(R15) (ATCC BAA-769) were obtained from the American Type Culture Collection 
(ATCC, Manassas, Virginia). Detailed methods used for PR772 propagation and viability 
assessment were previously described (Gall et al., 2016a). The freeze-dried E. coli K12 were 
rehydrated, incubated until exponential growth phase and inoculated with the PR772 fresh out of 
the vial obtained from ATCC. After over-night growth, the virus-host suspension was purified by 
centrifugation, microfiltration. The suspension was purified by repeated ultrafiltration, and into a 
final volume of approximately 70 mL, which was stored at 4℃. The viability of PR772 was 
assessed with the double agar layer plaque technique (Adams, 1959). 
 
2.2 Monochloramine Disinfection Experiments 
All chemicals used were reagent grade. To make monochloramine, equal volumes of 
sodium hypochlorite solution and ammonium chloride solution were prepared by adding small 
volume of fresh concentrated stock solutions into 1 mM carbonate buffer solution (CBS), and the 
sodium hypochlorite solution was transferred into the ammonium chloride solution drop by drop 
under stirring to avoid formation of dichloramine or trichloramine. The chlorine dose to ammonia-
nitrogen molar ratio chosen was 1:3 (Gall et al., 2016b). The absence of dichloramine or 
trichloramine was verified by UV-Vis spectrophotometry that confirmed a spectrum with a single 
peak at 243 nm corresponding to monochloramine. The concentration of monochloramine was 
determined using N,N-diethyl-p-phenylenediamine colorimetric method (Eaton et al., 2005). 
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Because no obvious decrease in monochloramine concentration was observed during any of the 
experiments (Appendix A.1, raw data, poor R2 of all the exponential fittings of the chlorine 
concentration curves), the average of all the concentration values obtained throughout an 
experiment was used to calculate the exposure or CT values (See Appendix C.1 for the definition 
of CT value). 
 
Each disinfection experiment was started by preparing a fresh solution of monochloramine 
in 1 mM CBS at concentration within the range of 1.42-23.4 mgCl2/L in amber bottles as batch 
reactors (See Table 3 in Appendix A). The reactors were immersed in a constant-temperature water 
circulation bath. After allowing the solution to reach the target temperature, and adjusting the pH 
to the target value, PR772 stock was added into the reactor and a timer was started at the same 
time. Samples were taken and added into sampling vials containing 0.1M-0.3M sodium thiosulfate 
quencher at times corresponding to target CT values. The quenched samples were then analyzed 
for virus viability and replication cycle steps. The pH and water temperature were checked 
immediately before adding PR772 stock and after the last sample was taken; the monochloramine 
concentration was measured several times throughout each disinfection experiment. 
 
For a disinfection experiment with relatively fast kinetics, the same volume of PR772 stock 
was added into an identical reactor with no monochloramine, but otherwise treated identically 
including the use of quencher, to obtain the initial virus concentration. For experiments with slow 
kinetics, the initial sample was taken and quenched immediately after the addition of PR772 stock.  
 
2.3 PR772 Replication Cycle Analysis 
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The replication cycle of PR772 was studied using quantitative polymerase chain reaction 
(qPCR) and reverse-transcription qPCR (RT-qPCR) methods previously described (Gall et al., 
2016a). The primers to amplify the P12 and P3 genes of the PR772 genome (NCBI accession 
AY848688.1) and the rpoD gene of the E. coli K12 designed by Gall (Gall et al., 2016a, Table 1) 
were used for both DNA and cDNA amplification. The P12 gene is an early gene, located at the 
right end of the genome, and the P3 gene is a late gene located in the center of the genome. The 
rpoD gene is a housekeeping gene of the E. coli K12, which was used to normalize gene levels 
between different DNA or cDNA samples. The relative expression level (R) of the DNA or cDNA 
was calculated by the ∆∆𝐶𝑞 equation (see Appendix C.3). 
 
In this study, experiments were performed at the temperature of 30.0℃ and pH in the range 
of 8.0 to 10.5. Untreated and treated virus samples were taken from the corresponding reactors, 
injected into the sampling vials where they mixed with sodium thiosulfate quencher, and 
subsequently processed by the following three procedures: (1) 100 𝜇L of the quenched samples 
were taken from the sample vials, the DNA was extracted, and qPCR was run with the primer sets 
described above – if the P12 or P3 gene was damaged, it would not be amplified, and the genome 
integrity was therefore examined; (2) another 100 𝜇L of the quenched samples were added into 
chloramphenicol-treated E. coli K12 TSB solution and incubated for 1 hour, and the unbound 
virions were washed away, and then proceeded to DNA extraction and qPCR, thus the virus 
attachment could be assessed; and (3) 1 mL of the quenched samples were added into exponentially 
growing E. coli K12 and samples were taken over time. Because the replication cycle of PRD1 
(highly similar to that of PR772) takes 60 minutes (Mindich et al., 1982), samples for RNA 
analyses were taken at 20, 40, 60 and 80 minutes, and the samples for DNA analyses were taken 
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at 0, 1, 2 and 3 hours. Note that the original samples fresh out of the tubes were the same, but with 
different extraction procedures, total DNA or RNA could be extracted; and with the specific 
primers, desired DNA or mRNA of the selected genes could be measured by qPCR. The DNA 
extraction, RNA extraction, reverse transcription and qPCR procedures used were the same as 
those described by Gall et al. (2016). The details of the relative and absolute quantifications of the 
qPCR results can be found in Appendix C. With the overall method, occurrence of key steps of 






CHAPTER 3: RESULTS AND DISCUSSION 
 
3.1 Kinetics of PR772 Inactivation by Monochloramine at 30℃ 
Disinfection experiments of solutions containing bacteriophage PR772 were performed at 
pH 8.0, 9.0, 9.9, 10.0, 10.1, 10.5 and temperature 30.0℃ in batch reactors. Monochloramine 
solution was freshly prepared in 1 mM CBS with spectrophotometry-confirmed absence of 
measurable levels of dichloramine or trichloramine.  The disinfectant concentration range was 1.42 
mgCl2/L to 23.4 mgCl2/L. The survival ratio (N/N0) was measured by performing plaque assays 
with E. coli K12 as hosts. The data sets and corresponding fitting curves for all the experimental 
conditions investigated are shown in Figures 3 and 4. The data at pH 8.0, 9.0 and 10.0 were 
comparable to those reported by Moor (see Figures 28, 29 and 30 in the Appendix A). 
 
At 30.0℃, between pH 8.0-10.5, pH affected the inactivation efficiency of PR772 by 
monochloramine. For example, CT values required to achieve 4-log inactivation at pH 8.0, 9.0, 
10.0 and 10.5 were 18, 90, 210 and 760 mgCl2×min/L, respectively. However, because the pH 
conditions selected were discrete, the trend of the change of inactivation efficiency with respect to 
pH could not be determined; and it appeared that although the rates of initial and subsequent phases 
of inactivation increased with decreasing pH from 10.5 to 8.0, they were not generally proportional 
to the corresponding increase in H+ concentration. Confirming the finding by Moor (2016), PR772 
was significantly more sensitive to monochloramine compared to HAdV-2 (Comparing Figure 2 
with Figures 3, 4, 5, and 6), so PR772 might not be a good surrogate virus for HAdV-2 with 
monochloramine as the disinfectant. However, considering their similar structures but divergent 
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sensitivity to monochloramine, studying the inactivation mechanisms of PR772 could aid in the 
understanding of the mechanisms of HAdV. 
 
Page et al. proposed the two-population inactivation model to represent the kinetics of 
HAdV-2 inactivation by free chlorine, and Moor adapted it for the monochloramine disinfection 










𝑒−𝑘2𝐶𝑇                                (1) 
where 𝑁0 = (𝑁1,0+𝑁2,0) is the overall initial (i.e., at CT=0) number concentration of viruses, 
which is the sum of 𝑁1,0 and 𝑁2,0, the initial number concentrations of viruses in populations 1 and 
2; 𝑁 = (𝑁1+𝑁2) is the overall number concentration of viruses, the sum of 𝑁1 and 𝑁2, at CT>0; 
and 𝑘1 and 𝑘2 are the inactivation rate constants of the two populations at the specific condition, 
respectively. Because population 1 is in larger number and is more susceptible to monochloramine, 
this population dominates the faster inactivation kinetics phase (first phase) at the beginning 
following the virus addition into the monochloramine solution. Inactivation of population 2 with 
slower kinetics happens at the same time, but because of its lower concentration, it does not affect 
the overall inactivation rate as significantly until population 1 is mostly inactivated and the 
surviving number of population 1 is smaller than that of population 2, with the corresponding 
inactivation kinetics switching to an overall slower inactivation rate (second phase). Moor (2016) 
found 𝑘1 and 𝑘2 were dependent on pH and temperature according to equation (2): 
𝑘 = 𝐴𝑒
−𝐸𝑎




Moor (2016) also found that the inactivation kinetics of PR772 or HAdV-2 by 
monochloramine at 30℃ and pH 9.0-10.2 were not well represented by equations 1 and 2 (Figure 
2). This phenomenon was further confirmed by this research. Generally, at pH 9.9-10.5, 
inactivation kinetics started with a slower phase, followed by a faster phase, each with good 
linearity (See Figures 3, 4 and 6); at pH 9.9, 10.0 and 10.1 there was an almost horizontal lag-
phase as slow phase between 0 and 30-40 mgCl2 × min/L with only approximately 0.2-log 
inactivation; at pH 10.5 there was a more pronounced slow phase with about 0.5-log inactivation. 
The slow phase was less pronounced compared to Moor’s experimental results, for which the slow 
phase generally achieved more than 1 log of inactivation. To check if another slow phase would 
appear after the second phase, the kinetics of pH 10.5 was taken all the way to 6-log inactivation 
with high linearity of the second phase (R2=0.9724), which confirmed only 2 phases taken place 
for the slow-fast kinetics. 
 
The two-population fast-slow rate model did not work well for the slow-fast rate kinetics. 




𝑒−𝑘1𝐶𝑇                       𝐶𝑇 < 𝐶𝑇1
𝑁1
𝑁0
𝑒−(𝑘1+𝑘2)𝐶𝑇         𝐶𝑇 ≥ 𝐶𝑇1
                  (3) 
in which 𝑘1 and 𝑘2 are inactivation rate constants of inactivation reactions 1 and 2, and CT1 is 
defined in Appendix C.2. At the first slow phase, only the reaction with 𝑘1  is happening to 
inactivate the viruses; at the second phase, both reactions work together to inactivate the viruses, 
resulting in the overall rate constant 𝑘1 + 𝑘2. This model would be consistent with reaction 2 




The data at pH 8.0 and 9.0 were fit by equation (1), and those of pH 9.9, 10.0, 10.1 and 
10.5 were fit by equation (3) (shown in Figures 3, 4, 5, 6). The resulted parameters are shown in 
Table 1 and 2 (pH 9.0 had a small lag phase where 
𝑁
𝑁0
= 1 at CT<4 mgCl2×min/L). 
 
Table 1: Fitting Parameters of PR772 Inactivation by Monochloramine (Two-population Model) 






 𝑘1 𝑘2 
30 8.0 0.9999 0.0001 0.538 0.052 
30 9.0 0.9988 0.0012 0.135 0.030 
 
 
Table 2: Fitting Parameters of PR772 Inactivation by Monochloramine (Two-reaction Model) 
T (℃) pH 
𝑁1
𝑁0
 𝐶𝑇1 𝑘1 𝑘2 
30 9.9 2.944680 30 0.014 0.036 
30 10.0 2.691234 30 0.015 0.033 
30 10.1 3.834350 42 0.013 0.032 
30 10.5 1.934792 110 0.007 0.006 
 
Considering the kinetics shown in Figures 3, 4, 5, 6 and the “two-population” and “two-
reaction” kinetics models used, a primary conclusion was that at 30.0 ℃ , pH was a strong 
determinant of not only the disinfection result but also the mechanisms. If the “two reactions” 
model was actually correct, what the two reactions were and why the kinetic behavior was different 







3.2 Replication Cycle Analysis of Monochloramine-Inactivated PR772 at 30℃ 
This study used the replication cycle analysis to compare the inactivation mechanisms at 
the different pH levels of 8.0 and 10.5, but at the same temperature of 30.0℃, with the goal of 
examining if mechanistic differences could be the cause of the different shapes of the inactivation 
curves at these two pH levels. The main technique used was qPCR; P12 and P3 amplicons were 
selected as the target gene regions, the housekeeping gene rpoD was used to normalize the relative 
expression level, and the untreated virus samples were the normalizers. Each experiment was 
performed in duplicate, which means future work will be required in triplicate to confirm the 
conclusions drawn from these preliminary data. 
 
3.2.1 Genomic damage effect of monochloramine 
To determine if genomic damage happened, DNA was extracted from 100 µL of each 
disinfection experiment sample (PR772 unexposed/exposed to monochloramine in CBS and 
quenched with sodium thiosulfate solution), and the P12 and P3 regions were quantified by qPCR. 
The two replicate experiments of pH 8.0-30. 0℃ did not show good reproducibility (see Figure 7, 
top left and top right); the two replicates of pH 10.5-30. 0℃ overlapped well with each other 
(Figure 7, bottom), and they presented an overall 0.5-log reduction of the amplification of both 
P12 and P3 amplicons, with the approximately 1-log decrease in the results from plaque assay 
(N/N0). This observation indicated that gene damage probably happened on these two gene regions, 
and if the gene was attacked non-selectively, damage could also happen to other gene regions.  
If gene damage happened on selected amplicons, the following steps of the replication 
cycle analysis would be affected. Because the viruses might have damage in P3 or P12 amplicons, 
a comparison between the data of plaque assay and qPCR is not reliable. Because only two 
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replicate experiments were performed, triplicate experiments should be done to confirm if gene 
damage took place, for example, by increasing the CT values and finding out if the reduction in 
gene amplification increases with increasing CT. Moor (2016) did not observe profound damage 
of P3 or P12 amplicons for pH 8.0-15℃, which suggested that high pH or high temperature might 
be a determining factor for the occurrence of gene damage by monochloramine disinfection.  
 
3.2.2 Effect of monochloramine on PR772 attachment 
To determine if the monochloramine-treated PR772 can still bind to the E. coli K12 host 
cell, 100 µL disinfection samples were added into 1 mL chloramphenicol-exposed E. coli K12 
solution, and subsequently incubated on a 200 rpm shaker at 37℃ for 1 hour, centrifuged several 
times to remove the unbound virions, proceeded to extract total DNA, and quantified with P12 and 
P3 region primers by qPCR. The results for pH 8.0-30.0℃ and pH 10.5-30.0℃ are shown in Figure 
8. For both pH 8.0 and 10.5, approximately 0.5-log reduction in attachment was observed with 1-
log decrease in N/N0. In contrast, Moor (2016) did not observe any reduction in the virus 
attachment for the conditions of pH 8.0-15.0℃ and pH 10.0-30.0℃ (although the data of pH 10.0-
30.0℃ was preliminary data without performing replicates); although Moor (2016) did observe a 
0.5-log reduction in attachment for PR772 by free chlorine with 2-log loss in N/N0. With current 
data, a preliminary conclusion was that the attachment was partially affected by monochloramine 
disinfection. Because only duplicate experiments were done for each pH-temperature combination, 






3.2.3 Effect of monochloramine on PR772 gene replication, early and late mRNA production 
To examine the gene replication of PR772 resulting from monochloramine disinfection, 
untreated/treated PR772 samples were mixed with E. coli K12 at mid-exponential phase (with an 
absorbance of approximately 0.3 at 600 nm), which is referred to as “0 h post infection (p.i.)”, 
incubated at 37℃ 200 rpm and withdrawing samples at 1 h, 2 h and 3 h p.i.. The total DNA was 
extracted for each sample, and was quantified by qPCR. The method to study the early and late 
gene transcription was similar to that of the gene replication, except for the sampling time – 20, 
40, 60 and 80 minutes, and that the total RNA was extracted and used to quantify the early gene, 
P12, and the late gene, P3, by two-step RT-qPCR. 
 
The results about DNA replication are shown in Figures 8 and 9, and for RNA synthesis in 
Figures 10, 11 and 12; the pH and temperature are indicated in the figures. The plaque assay results 
are compared in Figure 8 to the relative expression for gene replication determined by qPCR, and 
in Figure 10 to the relative expression for RNA synthesis determined by RT-qPCR. In Figure 8, 
for both pH-T combinations, the relative ratio curves of 0 hr p.i. with respect to the increasing CT 
values were the highest compared to those of 1-3 hr; both curves were almost horizontal with 
around 0.2-log reduction when the reduction in N/N0 was around 1-log. The small reduction might 
be another clue for occurrence of gene damage. Following this, the 1 hr curves were significantly 
lower than the 0 hr curves, and the 2 hr and 3 hr curves were even lower and overlapped with each 
other1. In Figure 10, at both pH 8.0 and pH 10.5, the curves of P12/P120 fell at the bottom and 
overlapped among 20 – 80 min p.i.; in comparison, although the 60 and 80 min p.i. curves of 
                                                            
1 The 2 hr and 3 hr curves of pH 10.5 do not look like overlapping from the first glance. However, it was because of 
the 3 pairs of green data points at the bottom of all data points. Excluding this six points, the other blue and green 
(representing 2 and 3 hr data) overlapped well. 
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P3/P30 fell within the regions where all the P12/P120 curves gathered, the 20 and 40 min of P3/P30 
at pH 8.0 and the 20 min at pH 10.5 did not fall with the other curves, which was reasonable – P12 
was a very early gene, which was involved in early protein production within 5 min p.i., while P3 
was a late gene, whose corresponding protein would not be synthesized until 15 min p.i. (Poranen 
et al., 2006). The 20 and 40 min curves of P3/P30 were not as low as the other mRNA curves 
because the amount of P3 mRNA synthesized was not significant enough to show the difference 
between untreated and treated PR772. The same reason can be used to explain why the 1 hr DNA 
curves were higher than those of the 2 and 3 hr. 
 
An interesting phenomenon was that in Figures 8 and 10, most of the curves showing DNA 
and RNA levels were below the plaque assay curve (N/N0). The plaque assay shows the ratio of 
viruses that remain infectious after exposure to monochloramine, while the DNA or RNA synthesis 
curves show the amount of viral DNA or RNA production, and it makes no sense if the viruses 
that can form plaques do not synthesis DNA or RNA. It is suspected that the virus stock we used 
had large amount of non-infectious PR772 with intact gene that can still be amplified by qPCR, 
which increased the base level of qPCR expression. 
 
Figures 9, 11 and 12 show the absolute quantifications of all the samples. With decreasing 
N/N0, the rate of DNA/RNA increased over time was decreasing, which reveals that the DNA 
replication and early/late mRNA synthesis of the monochloramine-treated PR772 were affected. 
Taken together, a conclusion that was confirmed by both the relative and absolute qPCR data was 
that the early mRNA synthesis, the DNA replication and the late mRNA synthesis were inhibited 






Figure 3: Comparison of PR772 inactivation kinetics by monochloramine at pH 8.0 – 10.5 and 
30.0℃ (different symbols in the same color represents replicate experiments) 
Figure 4: Comparison of PR772 inactivation kinetics by monochloramine at pH 8.0 – 10.5 and 




Figure 5: PR772 inactivation kinetics by monochloramine at pH 8.0 and 30℃ 




pH 8.0 T 30.0℃ 
Rep. 1 
pH 8.0 T 30.0℃ Rep. 2 
pH 10.5 T 30.0℃ 
Figure 7: Effect of monochloramine disinfection on the integrity of P12 and P3 amplicons of 




Figure 8: Comparison of inactivation kinetics (in N/N0) to the relative quantity of P12 and P3 
gene copies (in P12/P120 and P3/P30) to investigate (1) the attachment of bacteriophage PR772 
to the host cell E. coli K12 and (2) the gene replication 0-3 h p.i.; the top figure was from the 
virus under exposure to monochloramine at pH 8.0-T 30.0℃, and the bottom figure was pH 
10.5-T 30.0℃ 
 
pH 8.0 T 30.0℃ 




Figure 9: Average of the absolute quantifications of P12 and P3 gene of untreated and treated 
PR772 (N/N0 ranging from 1-0.0638) by monochloramine at pH 8.0-30.0℃ and pH 10.5-30.0℃, 
at 0-3 h p.i. 
N/N0 
pH 8.0 T 30.0℃ 
N/N0 





Figure 10: Comparison of inactivation kinetics (in N/N0) to the relative quantity of P12 and P3 
mRNA copies (in P12/P120 and P3/P30) to investigate the mRNA transcription 20-80 min p.i.; 
the top figure was from the virus under exposure to monochloramine at pH 8.0-T 30.0℃, and 




pH 8.0 T 30.0℃ 




Figure 11: The absolute quantifications of P12 (top) and P3 (bottom) mRNA copies per 0.5 µg 
of total RNA of untreated and treated PR772 (N/N0 ranging from 1-0.0786) by monochloramine 
at pH 8.0-30.0℃, 20-80 min p.i. 
 
 
pH 8.0 T 30.0℃ 
N/N0 





pH 10.5 T 30.0℃ 
N/N0 
pH 10.5 T 30.0℃ 
N/N0 
Figure 12: The absolute quantifications of P12 (top) and P3 (bottom) mRNA copies per 0.5 µg 
of total RNA of untreated and treated PR772 (N/N0 ranging from 1-0.0638) by monochloramine 





CHAPTER 4: CONCLUSIONS 
 
Bacteriophage PR772 was confirmed to be less resistant to monochloramine disinfection 
compared to HAdV-2.  The inactivation kinetics revealed that the CT required to achieve 4-log 
inactivation increased as the pH was increased from 8.0 to 10.5 at 30.0℃. The kinetics of pH 8.0 
and 9.0 at 30.0℃ was characterized by a faster initial inactivation phase followed by a slower 
phase that could be represented by the “two-population model”; the kinetics of pH 9.9, 10.0, 10.1 
and 10.5 included a slow phase followed by a faster phase, which could be better described by the 
“two-reaction model”. 
 
To explore the mechanisms behind the different kinetics observed at 30℃, a pH that 
displayed “fast-slow” kinetics – pH 8.0, and another pH that displayed “slow-fast” kinetics – pH 
10.5 were selected for the replication cycle analysis. Both pH showed inhibition of early mRNA 
synthesis, DNA replication and late mRNA synthesis. Different from previous work (Moor, 2016), 
partial inhibition of attachment and genome damage was observed. However, because only two 
replicate experiments were performed and potential problems with the virus stock, further 
experiments would be required to confirm these preliminary conclusions. 
 
No difference in inactivation mechanisms were observed between pH 8.0 and pH 10.5 at 
30.0℃ by the replication cycle inhibition analysis, which did not necessarily suggest there was no 
difference in mechanisms. We realized that limitations of this approach exist. First, we quantified 
the viral attachment by letting them attach to the chloramphenicol pre-treated cells and washing 
away the unbound viruses, but no information was given about the form of attachment. The P2 
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protein of PRD1 (PR772 is 97.2% similar to PRD1 according to their DNA sequences) irreversibly 
bound to the receptors at the surface of E. coli (Grahn et al., 2006), but there was also secondary 
binding effect and physical adsorption onto the surface of the host cells happening, which could 
not be distinguished by the method utilizing solely qPCR. Besides, if the genome of PR772 was 
delivered into the host cell, which was an essential step for viral replication, could not be verified 
using this method, and furthermore, it was possible that the monochloramine-infected PR772 could 
not inject the genome into the host cells at all, which of course would lead to inhibition of DNA 
replication and RNA synthesis. To further investigate this problem and shed light on the different 
molecular targets of monochloramine disinfection with various pH or temperature, approaches that 
can quantitatively characterize the specific activities at or before genome entry into the cytosol 
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APPENDIX A: RAW DATA - DISINFECTION 
 
A.1 Disinfection Experiment Conditions and Plaque Assay Raw Data 
Table 3: Experimental Conditions of PR772 Inactivation by Monochloramine 
 
Number pH T(℃) 
Buffer 
solution 






30.0 1 mM CBS 
4.63E+06 1.703027605 
8-5 4.01E+06 1.66045594 




9-2 8.69E+05 2.938227036 
9.9-1 9.9 1.38E+06 3.321715251 
10-4 10.0 6.06E+05 3.314279984 




10.5-4 8.13E+05 17.54327563 














Figure 13: Raw data of experiment number 8-3  
DATE 4/22/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 250 uL PR772 stock Temp Start 30 8.02
(3/31/2016 made by Yukako Komaki) pH 8 End 30 8.02
T range
pH range 8.02-8.02
Reactor B: 30.137ml monochloramine + 0.25mL virus (33ml+0.12ml chlorine substock+0.017ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for first Cl2 sample)
Reactor C: 29.5ml monochloramine + 0.25mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 5 0.067 1.49154 (discarded because it was too small)
9.33 5 0.078 1.73642
17.33 5 0.075 1.66963
Ave NH2Cl conc= 1.70303 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.45 T 37 4.63E+06
0(C-2) 18.23 T 37 4.63E+06
4.63E+06
1 0.33 0.605 224 21 2.80E+06 0.605405
2 1.22 2.205 T 162 2.03E+06 4.38E-01
3 2.57 4.636 T T 307 3.84E+05 8.30E-02
4 5.20 9.330 T T 154 1.93E+04 4.16E-03
5 10.05 17.816 312 26 3.90E+02 8.43E-05
6 15.58 27.250 154 14 1.93E+02 4.16E-05































Figure 14: Raw data of experiment number 8-5 
 
 
DATE 7/9/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 150 uL PR772 stock Temp Start 30 8
(passage 2 in CBS 05/07/2016 made by Yukako Komaki) pH 8 End 29.9 8.04
T range
pH range 8.00-8.04
Reactor B: 29.537ml monochloramine + 0.15mL virus (33ml+0.12ml chlorine substock+0.017ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for first cl2 sample)
Reactor C: 29.5ml monochloramine + 0.15mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 5 0.076 1.66594
5.55 5 0.077 1.68786
10.58 5 0.074 1.6221
18.95 5 0.076 1.66594
Ave NH2Cl conc= 1.66046 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 -6 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.83 T/T 36/35 12/0 4.44E+06
0(C-2) 18.63 316/256 26/16 2/6 3.58E+06
4.01E+06
1 0.43 0.720 157 14 1 1.96E+06 0.489860
2 0.88 1.467 176 22 1 2.20E+06 5.49E-01
3 1.22 2.020 65 5 0 8.13E+05 2.03E-01
4 1.63 2.712 43 2 0 5.38E+05 1.34E-01
5
6 2.75 4.566 140 12 0 1.75E+05 4.37E-02
7 4.02 6.669 T 51 2 6.38E+04 1.59E-02
8 8.08 13.422 T 150 24 0 1.88E+03 4.68E-04
9 12.28 20.396 T 41 9 5.13E+02 1.28E-04
10 16.20 26.899 42 5 2 5.25E+01 1.31E-05































Figure 15: Raw data of experiment number 8-6 
 
 
DATE 7/9/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 150 uL PR772 stock Temp Start 30 8.02
(passage 2 in CBS 05/07/2016 made by Yukako Komaki) pH 8 End 30 8
T range
pH range 8.02-8.00
Reactor B: 29.537ml monochloramine + 0.15mL virus (33ml+0.12ml chlorine substock+0.017ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for first cl2 sample)
Reactor C: 29.5ml monochloramine + 0.15mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 7.87 5 0.078 1.70978
15.90 5 0.075 1.64402
22.98 5 0.077 1.68786
29.08 5 0.075 1.64402
Ave NH2Cl conc= 1.67142 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 -6 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.83 T/T 36/35 12/0 4.44E+06
0(C-2) 18.63 316/256 26/16 2/6 3.58E+06
4.01E+06
1 0.22 0.362 T 37 6 4.63E+06 1.154446
2 0.55 0.919 187 17 3 2.34E+06 5.83E-01
3 1.03 1.727 125 9 0 1.56E+06 3.90E-01
4 1.48 2.479 58 2 1 7.25E+05 1.81E-01
5 2.20 3.677 219 24 2 2.74E+05 6.83E-02
6 3.25 5.432 99 8 1 1.24E+05 3.09E-02
7 6.33 10.586 T 62 7 7.75E+03 1.93E-03
8 10.03 16.770 T 107 8 1.34E+03 3.34E-04
9 14.03 23.456 258 20 1 3.23E+02 8.05E-05
10 18.03 30.141 94 12 1 1.18E+02 2.93E-05
11 25.017 41.813 52 1 0 6.50E+01 1.62E-05




































DATE 12/14/2016 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 100 uL PR772 stock Temp 0 30 9.01
(3/31/2016 made by Yukako) pH 9 35.33 30.1 8.96
T range
pH range 9.01-8.96
Reactor B: 96ml monochloramine + 0.1mL virus (100ml+0.7ml chlorine substock+0.1ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6*3ml for DPD method)
Reactor C: 96ml CBS solution + 0.1mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 9.55 5 0.085 2.019
19.32 5 0.09 2.13777
29.47 5 0.085 2.019
Ave NH2Cl conc= 2.05859 mg/L
From abs @243nm 3.23
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.00 56 3 7.00E+05
0(C-2) 31.85 82 5 1.03E+06
8.63E+05
1 0.93 3.015 T 63 7.88E+05 0.913043
2 1.58 5.114 T 47 5.88E+05 0.681159
3 3.03 9.798 T T 26 3.25E+05 0.376812
4 5.27 17.011 T T 150 1.88E+05 0.217391
5 10.23 33.054 T 112 8 1.40E+04 0.016232
6 15.52 50.119 T 115 5 1.44E+03 0.001667
7 20.02 64.654 169 34 2 4.25E+02 0.000493
8 25.02 80.804 10 ND ND































Figure 17: Raw data of experiment number 9-2 
 
 
DATE 1/22/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 100 uL PR772 stock Temp 0 30.1 9.02
(3/31/2016 made by Yukako) pH 9 37.67 30.1 9.02
T range
pH range 9.02-9.02
Reactor B: 97.2ml monochloramine + 0.1mL virus (100ml+0.7ml chlorine substock+0.1ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for DPD method)
Reactor C: 97.2ml CBS solution + 0.1mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 5 0.15 3.00842
12.17 5 0.157 3.14882 discardedThese two were discarded, because of the increase of the abs of the blanks
21.33 5 0.16 3.20899 discarded
32.28 5 0.143 2.86803
Ave NH2Cl conc= 2.93823 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.00 74 4 9.25E+05
0(C-2) 34.88 65 5 8.13E+05
8.69E+05
1 0.63 1.861 T 60 7.50E+05 0.863309
2 1.60 4.701 T 59 7.38E+05 0.848921
3 3.05 8.962 268 30 3.55E+05 0.408633
4 5.07 14.887 T 175 2.19E+05 0.251799
5 10.10 29.676 T 82 1.03E+04 0.011799
6 14.93 43.878 197 22 2.46E+03 0.002835
7 20.13 59.156 239 14 2.99E+02 0.000344
8 25.03 73.554 92 11 1.15E+02 0.000132
9 29.98 88.098 19 3 ND ND






























Figure 18: Raw data of experiment number 9.9-1 
DATE 2/19/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 150 uL PR772 stock Temp 0 30 9.9
(3/31/2016 made by Yukako) pH 9.9 72.67 30 9.86
T range
pH range 9.90-9.86
Reactor B: 97.2ml monochloramine + 0.15mL virus (100ml+0.7ml chlorine substock+0.1ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for DPD method)
Reactor C: 97.2ml CBS solution + 0.15mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 5 0.155 3.27419
23.03 5 0.156 3.29531
45.92 5 0.159 3.35868
67.87 5 0.159 3.35868
Ave NH2Cl conc= 3.32172 mg/L
Sample Time CT 0 -1 -2 -3 -4 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 5.25 102 1.28E+06
0(C-2) 69.73 118 1.48E+06
1.38E+06
1 1.07 3.543 131 1.64E+06 1.190909
2 2.95 9.799 90 1.13E+06 0.818182
3 5.07 16.830 74 9.25E+05 0.672727
4 10.02 33.273 64 8.00E+05 0.581818
5 19.92 66.157 T 121 10 1.51E+05 0.110000
6 30.18 100.260 T 153 14 1.91E+04 0.013909
7 40.13 133.312 T 365 10 4.56E+03 0.003318
8 50.08 166.363 T 71 6 8.88E+02 0.000645
9 60.23 200.078 92 12 1.15E+02 0.000084































Figure 19: Raw data of experiment number 10-4 
 
 
DATE 1/28/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 100 uL PR772 stock Temp Start 30 9.98
(3/31/2016 made by Yukako) pH 10 End 30 9.95
T range
pH range 9.98-9.95
Reactor B: 97.2ml monochloramine + 0.1mL virus (100ml+0.7ml chlorine substock+0.1ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for DPD method)
Reactor C: 97.2ml CBS solution + 0.1L virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 5 0.151 3.02848
26.93 5 0.172 3.44966
51.00 5 0.172 3.44966
69.83 5 0.166 3.32932
Ave NH2Cl conc= 3.31428 mg/L
Viability 
at 10^-x 
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.00 38 4.75E+05
0(C-2) 60.07 59 1 7.38E+05
6.06E+05
1 0.92 3.038 48 4 6.00E+05 0.989691
2 1.92 6.352 54 5 6.75E+05 1.113402
3 2.83 9.390 42 4 5.25E+05 0.865979
4 4.85 16.074 47 3 5.88E+05 0.969072
5 9.68 32.093 300 28 3.75E+05 0.618557
6 19.92 66.009 T 82 7 1.03E+05 0.169072
7 29.77 98.655 104 13 1 1.30E+04 0.021443
8 44.98 149.087 98 4 0 1.23E+03 0.002021
9 59.68 197.807 120 9 0 1.50E+02 0.000247





























Figure 20: Raw data of experiment number 10.1-1 
DATE 2/1/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 150 uL PR772 stock Temp Start 30.1 10.1
(3/31/2016 made by Yukako) pH 10.1 End 30 10.11
T range
pH range 10.10-10.11
Reactor B: 97.2ml monochloramine + 0.15mL virus (100ml+0.7ml chlorine substock+0.1ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for DPD method)
Reactor C: 97.2ml CBS solution + 0.15mL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 5 0.151 3.02848
19.43 5 0.153 3.06859
40.00 5 0.15 3.00842
60.35 5 0.153 3.06859
76.43 5 0.153 3.06859
Ave NH2Cl conc= 3.04854 mg/L
Sample Time CT 0 -1 -2 -3 -4 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.00 118 1.48E+06
0(C-2) 79.08 91 1.14E+06
1.31E+06
1 1.40 4.268 116 1.45E+06 1.110048
2 2.45 7.469 93 1.16E+06 0.889952
3 3.42 10.416 104 1.30E+06 0.995215
4 5.07 15.446 83 1.04E+06 0.794258
5 10.05 30.638 T 73 9.13E+05 0.698565
6 20.50 62.495 T T 32 4.00E+05 0.306220
7 35.15 107.156 T 201 8 2.51E+04 0.019234
8 50.12 152.782 200 47 1 4.19E+03 0.003206
9 65.07 198.358 T 46 3 5.75E+02 0.000440






























Figure 21: Raw data of experiment number 10.5-3 
 
 
DATE 5/2/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 300 uL PR772 stock Temp Start 30 10.54
(3/31/2016 made by Yukako) pH 10.5 End 30.1 10.5
T range
pH range 10.54-10.47
Reactor B: 31.596ml monochloramine + 0.3mL virus (32.8ml+1.7ml chlorine substock+0.196ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.1ml for first cl2 sample)
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 30 0.151 20.1065
10.55 30 0.193 25.6991
19.65 30 0.186 24.767
29.45 30 0.143 19.0413
36.92 30 0.172 22.9028
Ave NH2Cl conc= 22.5033 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.28 T 33 4.13E+06
0(C-2)
4.13E+06
1 1.60 36.005 T 44 5.50E+06 1.333333
2 4.02 90.388 T 31 3.88E+06 9.39E-01
3 6.05 136.145 140 14 1.75E+06 4.24E-01
4 9.03 203.280 30 1 3.75E+05 9.09E-02
5 12.50 281.292 139 10 1.74E+05 4.21E-02
6 22.50 506.325 T 32 4.00E+03 9.70E-04
7 27.72 623.717 T 138 1.73E+03 4.18E-04
8 34.78 782.741 119 23 1.49E+02 3.61E-05
9 40.08 902.008 43 2 5.38E+01 1.30E-05

































Figure 22: Raw data of experiment number 10.5-4 
DATE 5/15/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 50 uL PR772 stock Temp Start 30 10.52
(3/31/2016 made by Yukako) pH 10.5 End 29.9 10.51
T range
pH range 10.52-10.51
Reactor B: 31.596ml monochloramine + 0.05mL virus (32.8ml+1.7ml chlorine substock+0.196ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.1ml for first cl2 sample)
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 30 0.135 17.976
7.13 30 0.117 15.5792
15.00 30 0.141 18.775
25.13 30 0.134 17.8429
Ave NH2Cl conc= 17.5433 mg/L
Sample Time CT 0 -1 -2 -3 -4 N N/N0
(min) (mg*min/L) pfu/ml
0(C-1) 0.23 65 8.13E+05
0(C-2)
8.13E+05
1 0.82 14.327 91 1.14E+06 1.400000
2 1.80 31.578 T 62 7.75E+05 9.54E-01
3 3.50 61.401 T 49 6.13E+05 7.54E-01
4 10.13 177.772 T 123 1.54E+05 1.89E-01
5 14.05 246.483 269 18 3.36E+04 4.14E-02
6 17.70 310.516 T 59 1 7.38E+03 9.08E-03
7 19.68 345.310 T 40 5.00E+03 6.15E-03
8 21.52 377.473 202 17 2.53E+03 3.11E-03
9 23.33 409.343 T 92 1.15E+03 1.42E-03



































DATE 6/20/2017 Monochloramine CONDITIONS Time(min) T (℃) PH
Used 200 uL PR772 stock Temp Start 30 10.52
(passage 2 in CBS 05/07/2016 made by Yukako) pH 10.5 End 30 10.46
T range
pH range 10.52-10.46
Reactor B: 31.27ml monochloramine + 0.2mL virus (32ml+2.125ml chlorine substock+0.245ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.1ml for first cl2 sample)
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 30 0.178 23.7017
7.68 30 0.162 21.6385
15.97 30 0.18 24.0427
26.28 30 0.162 21.6385
36.95 30 0.187 24.9777
43.95 30 0.178 23.7756
52.43 30 0.18 24.0427
Ave NH2Cl conc= 23.4025 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 -6 N N/N0
(min) (mg*min/L) pfu/ml
1 0.47 T 71 5/9 8.88E+06
8.88E+06
2 1.28 30.033 T 62/55 10/6 7.31E+06 0.823944
3 3.10 72.548 T/T 42/39 6/0 5.06E+06 5.70E-01
4 5.17 120.913 213/299 26/28 1 3.20E+06 3.61E-01
5 10.20 238.705 T/T 65/61 2/9 7.88E+05 8.87E-02
6 20.33 475.851 T T/T 43/53 5/5 6.00E+04 6.76E-03
7 27.48 643.179 240/T 11/52 7/1 3.94E+03 4.44E-04
8 33.42 782.034 T 97/118 6/5 1.34E+03 1.51E-04
9 39.97 935.320 55 1/10 1/0 6.88E+01 7.75E-06
10 45.08 1055.063 15 1/2 0/0 1.88E+01 2.11E-06









































DATE 11/6/2017 Molecular Work Monochloramine CONDITIONS Time(min) T (℃) PH
Used 200 uL PR772 stock Temp Start 30 8
(10/7/15 bottle "Wen" made by Yukako Komaki) pH 8 End 30 8.02
T range
pH range 8.00-8.02
Reactor B: 29.537ml monochloramine + 200uL virus (33ml+0.12ml chlorine substock+0.017ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for first cl2 sample)
Reactor C: 29.535ml monochloramine + 200uL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 Start 5 0.081 1.77554
End 5 0.081 1.77554
Ave NH2Cl conc= 1.77554 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
1 0.00 T/T 40/28 1.00E+07
1.00E+07
2 0.52 0.917 T/T 27/33 8.25E+06 0.825000
3 1.00 1.776 T/T 132/142 4 3.43E+06 3.43E-01

























DATE 11/12/2017 Molecular Work Monochloramine CONDITIONS Time(min) T (℃) PH
Used 200 uL PR772 stock Temp Start 30 8
(10/7/15 bottle "Wen" made by Yukako Komaki) pH 8 End 30 8.02
T range
pH range 8.00-8.02
Reactor B: 29.537ml monochloramine + 200uL virus (33ml+0.12ml chlorine substock+0.017ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.6ml for first cl2 sample)
Reactor C: 29.535ml monochloramine + 200uL virus
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 Start 5 0.064 1.40289
End 5 0.066 1.44673
Ave NH2Cl conc= 1.42481 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
1 0.00 T/T 58/54 1.40E+07
1.40E+07
2 0.53 0.760 T/T 36/26 7.75E+06 0.553571
3 1.00 1.425 T/T 192/175 11 4.59E+06 3.28E-01


























DATE 11/19/2017 Molecular Work Monochloramine CONDITIONS Time(min) T (℃) PH
Used 200 uL PR772 stock Temp Start 30 10.51
(10/7/15 bottle "Wen" made by Yukako Komaki) pH 10.5 End 30 10.46
T range
pH range 10.51-10.46
Reactor B: 31.27ml monochloramine + 200uL virus (32ml+2.125ml chlorine substock+0.245ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.1ml for first cl2 sample)
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 30 0.19 24.989
2.07 30 0.16 21.0434
5.25 30 0.179 23.5423
7.85 30 0.174 22.8847
Ave NH2Cl conc= 23.1149 mg/L
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
1 0.22 348/T 23/35 8.73E+06
8.73E+06
2 3.08 71.271 185/195 21/26 4.75E+06 0.544413
3 6.22 143.697 T 65/71 10 1.70E+06 1.95E-01




























Figure 27: Raw data of experiment number qPCR-10.5-2 
 
DATE 11/26/2017 Molecular Work Monochloramine CONDITIONS Time(min) T (℃) PH
Used 200 uL PR772 stock Temp Start 30.1 10.52
(10/7/15 bottle "Wen" made by Yukako Komaki) pH 10.5 End 30 10.47
T range
pH range 10.52-10.47
Reactor B: 31.27ml monochloramine + 200uL virus (32ml+2.125ml chlorine substock+0.245ml ammonia substock-3ml for NH2Cl and NHCl2 detection-0.1ml for first cl2 sample)
Reactor B Time(min) DF ABS NH2Cl conc (mg/L)
No virus at time 0.00 0.00 30 0.16941 22.2812
1.92 30 0.17059 22.436
5.00 30 0.18 23.6738
7.60 30 0.17294 22.7454
Ave NH2Cl conc= 22.7841 mg/L
Viability 
at 10^-x 
Sample Time CT 0 -1 -2 -3 -4 -5 N N/N0
(min) (mg*min/L) pfu/ml
1 0.18 T/T 54/33 1.09E+07
1.09E+07
2 2.93 66.833 148/153 14/17 3.76E+06 0.345977
3 5.90 134.426 T 73/109 1 2.28E+06 2.09E-01
























A.2 Comparison of Kinetics Data to Previous Work 
 
  
Figure 28: Comparison of PR772 inactivation kinetics by monochloramine at pH 8.0 and 




Figure 29: Comparison of PR772 inactivation kinetics by monochloramine at pH 9.0 and 




Figure 30: Comparison of PR772 inactivation kinetics by monochloramine at pH 10.0 and 
30.0℃ (Moor, 2016) 
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APPENDIX B: RAW DATA - MOLECULAR WORK 
 
Figure 31: qPCR raw data of experiment number qPCR-8-1 (Plate 1, 2, 3) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBRName Ct SYBR Ct Mean SYBR Ct Dev. SYBR
1X:10-P3 31.10 31.64 0.51 1A-P3 23.99 23.93 0.05 1C-P3 20.49 20.59 0.09
1X:10-P3 32.10 31.64 0.51 1A-P3 23.93 23.93 0.05 1C-P3 20.61 20.59 0.09
1X:10-P3 31.73 31.64 0.51 1A-P3 23.88 23.93 0.05 1C-P3 20.67 20.59 0.09
2X:10-P3 32.99 32.64 0.31 2A-P3 24.16 24.07 0.08 2C-P3 21.82 21.71 0.15
2X:10-P3 32.48 32.64 0.31 2A-P3 24.01 24.07 0.08 2C-P3 21.76 21.71 0.15
2X:10-P3 32.45 32.64 0.31 2A-P3 24.02 24.07 0.08 2C-P3 21.54 21.71 0.15
3X:10-P3 31.90 31.78 0.11 3A-P3 23.98 24.06 0.07 3C-P3 22.58 22.53 0.06
3X:10-P3 31.68 31.78 0.11 3A-P3 24.10 24.06 0.07 3C-P3 22.56 22.53 0.06
3X:10-P3 31.77 31.78 0.11 3A-P3 24.12 24.06 0.07 3C-P3 22.46 22.53 0.06
4X:10-P3 32.68 31.89 0.88 4A-P3 23.94 23.84 0.12 4C-P3 23.53 23.25 0.26
4X:10-P3 32.03 31.89 0.88 4A-P3 23.87 23.84 0.12 4C-P3 23.21 23.25 0.26
4X:10-P3 30.94 31.89 0.88 4A-P3 23.71 23.84 0.12 4C-P3 23.02 23.25 0.26
1X:10-P12 30.23 29.96 0.27 1A-P12 24.32 23.94 0.36 1C-P12 21.46 21.07 0.34
1X:10-P12 29.70 29.96 0.27 1A-P12 23.89 23.94 0.36 1C-P12 20.88 21.07 0.34
1X:10-P12 29.96 29.96 0.27 1A-P12 23.60 23.94 0.36 1C-P12 20.86 21.07 0.34
2X:10-P12 29.99 30.03 0.09 2A-P12 24.30 24.23 0.07 2C-P12 22.32 22.14 0.25
2X:10-P12 29.97 30.03 0.09 2A-P12 24.24 24.23 0.07 2C-P12 22.25 22.14 0.25
2X:10-P12 30.13 30.03 0.09 2A-P12 24.15 24.23 0.07 2C-P12 21.86 22.14 0.25
3X:10-P12 30.08 30.08 0.01 3A-P12 23.98 24.13 0.18 3C-P12 23.30 23.16 0.14
3X:10-P12 30.10 30.08 0.01 3A-P12 24.33 24.13 0.18 3C-P12 23.17 23.16 0.14
3X:10-P12 30.08 30.08 0.01 3A-P12 24.09 24.13 0.18 3C-P12 23.02 23.16 0.14
4X:10-P12 30.22 30.41 0.18 4A-P12 23.98 23.99 0.18 4C-P12 23.96 23.84 0.16
4X:10-P12 30.42 30.41 0.18 4A-P12 23.82 23.99 0.18 4C-P12 23.66 23.84 0.16
4X:10-P12 30.59 30.41 0.18 4A-P12 24.17 23.99 0.18 4C-P12 23.91 23.84 0.16
1X:10-rPOD 23.49 23.62 0.11 1A-rPOD 19.70 19.61 0.09 1C-rPOD 19.83 19.64 0.17
1X:10-rPOD 23.67 23.62 0.11 1A-rPOD 19.60 19.61 0.09 1C-rPOD 19.53 19.64 0.17
1X:10-rPOD 23.70 23.62 0.11 1A-rPOD 19.53 19.61 0.09 1C-rPOD 19.57 19.64 0.17
2X:10-rPOD 25.18 24.93 0.31 2A-rPOD 19.90 19.75 0.17 2C-rPOD 19.68 19.39 0.26
2X:10-rPOD 24.59 24.93 0.31 2A-rPOD 19.57 19.75 0.17 2C-rPOD 19.19 19.39 0.26
2X:10-rPOD 25.01 24.93 0.31 2A-rPOD 19.78 19.75 0.17 2C-rPOD 19.30 19.39 0.26
3X:10-rPOD 21.53 22.19 0.68 3A-rPOD 18.99 18.96 0.05 3C-rPOD 18.97 18.95 0.02
3X:10-rPOD 22.14 22.19 0.68 3A-rPOD 18.90 18.96 0.05 3C-rPOD 18.93 18.95 0.02
3X:10-rPOD 22.89 22.19 0.68 3A-rPOD 18.99 18.96 0.05 3C-rPOD 18.95 18.95 0.02
4X:10-rPOD 24.44 23.30 1.15 4A-rPOD 19.13 19.01 0.16 4C-rPOD 19.13 18.91 0.19
4X:10-rPOD 23.33 23.30 1.15 4A-rPOD 19.07 19.01 0.16 4C-rPOD 18.76 18.91 0.19
4X:10-rPOD 22.14 23.30 1.15 4A-rPOD 18.83 19.01 0.16 4C-rPOD 18.84 18.91 0.19
1V-P3 20.80 20.58 0.27 1B-P3 22.68 22.30 0.33 1D-P3 20.43 20.11 0.28
1V-P3 20.67 20.58 0.27 1B-P3 22.11 22.30 0.33 1D-P3 19.98 20.11 0.28
1V-P3 20.28 20.58 0.27 1B-P3 22.10 22.30 0.33 1D-P3 19.93 20.11 0.28
2V-P3 20.51 20.70 0.18 2B-P3 23.00 23.03 0.10 2D-P3 21.28 21.24 0.10
2V-P3 20.85 20.70 0.18 2B-P3 23.14 23.03 0.10 2D-P3 21.31 21.24 0.10
2V-P3 20.75 20.70 0.18 2B-P3 22.94 23.03 0.10 2D-P3 21.13 21.24 0.10
3V-P3 24.93 25.02 0.12 3B-P3 23.20 23.28 0.17 3D-P3 22.26 22.29 0.02
3V-P3 24.98 25.02 0.12 3B-P3 23.17 23.28 0.17 3D-P3 22.30 22.29 0.02
3V-P3 25.16 25.02 0.12 3B-P3 23.48 23.28 0.17 3D-P3 22.30 22.29 0.02
4V-P3 25.27 25.03 0.21 4B-P3 23.74 23.75 0.01 4D-P3 23.48 23.49 0.06
4V-P3 24.93 25.03 0.21 4B-P3 23.76 23.75 0.01 4D-P3 23.43 23.49 0.06
4V-P3 24.90 25.03 0.21 4B-P3 23.75 23.75 0.01 4D-P3 23.55 23.49 0.06
1V-P12 20.94 20.67 0.28 1B-P12 22.75 22.42 0.32 1D-P12 20.92 20.59 0.29
1V-P12 20.38 20.67 0.28 1B-P12 22.10 22.42 0.32 1D-P12 20.39 20.59 0.29
1V-P12 20.69 20.67 0.28 1B-P12 22.41 22.42 0.32 1D-P12 20.46 20.59 0.29
2V-P12 20.80 20.79 0.09 2B-P12 23.11 23.15 0.04 2D-P12 21.75 21.68 0.15
2V-P12 20.70 20.79 0.09 2B-P12 23.18 23.15 0.04 2D-P12 21.51 21.68 0.15
2V-P12 20.88 20.79 0.09 2B-P12 23.17 23.15 0.04 2D-P12 21.79 21.68 0.15
3V-P12 24.98 24.94 0.04 3B-P12 23.45 23.53 0.11 3D-P12 22.78 22.75 0.07
3V-P12 24.93 24.94 0.04 3B-P12 23.49 23.53 0.11 3D-P12 22.67 22.75 0.07
3V-P12 24.91 24.94 0.04 3B-P12 23.66 23.53 0.11 3D-P12 22.81 22.75 0.07
4V-P12 24.67 24.78 0.16 4B-P12 23.64 23.71 0.19 4D-P12 23.56 23.66 0.13
4V-P12 24.71 24.78 0.16 4B-P12 23.56 23.71 0.19 4D-P12 23.61 23.66 0.13
4V-P12 24.97 24.78 0.16 4B-P12 23.92 23.71 0.19 4D-P12 23.80 23.66 0.13
1V-rPOD 32.38 32.43 0.24 1B-rPOD 18.47 18.42 0.06 1D-rPOD 18.92 19.01 0.16
1V-rPOD 32.69 32.43 0.24 1B-rPOD 18.36 18.42 0.06 1D-rPOD 19.20 19.01 0.16
1V-rPOD 32.22 32.43 0.24 1B-rPOD 18.42 18.42 0.06 1D-rPOD 18.92 19.01 0.16
2V-rPOD 31.90 31.97 0.46 2B-rPOD 18.10 18.25 0.14 2D-rPOD 18.77 18.89 0.12
2V-rPOD 32.45 31.97 0.46 2B-rPOD 18.35 18.25 0.14 2D-rPOD 18.88 18.89 0.12
2V-rPOD 31.55 31.97 0.46 2B-rPOD 18.31 18.25 0.14 2D-rPOD 19.02 18.89 0.12
3V-rPOD 33.03 32.34 0.60 3B-rPOD 17.83 17.46 0.32 3D-rPOD 18.39 18.39 0.13
3V-rPOD 32.05 32.34 0.60 3B-rPOD 17.32 17.46 0.32 3D-rPOD 18.26 18.39 0.13
3V-rPOD 31.93 32.34 0.60 3B-rPOD 17.23 17.46 0.32 3D-rPOD 18.51 18.39 0.13
4V-rPOD 33.22 32.79 0.48 4B-rPOD 17.76 17.82 0.05 4D-rPOD 18.02 18.14 0.11
4V-rPOD 32.27 32.79 0.48 4B-rPOD 17.85 17.82 0.05 4D-rPOD 18.23 18.14 0.11
4V-rPOD 32.88 32.79 0.48 4B-rPOD 17.84 17.82 0.05 4D-rPOD 18.16 18.14 0.11
S-P3-4 10.75 10.84 0.08 S-P3-4 11.43 11.33 0.24 S-P3-4 11.34 11.19 0.17
S-P3-4 10.90 10.84 0.08 S-P3-4 11.50 11.33 0.24 S-P3-4 11.23 11.19 0.17
S-P3-4 10.87 10.84 0.08 S-P3-4 11.06 11.33 0.24 S-P3-4 11.01 11.19 0.17
S-P3-5 14.45 14.40 0.16 S-P3-5 14.58 14.56 0.03 S-P3-5 14.40 14.34 0.08
S-P3-5 14.53 14.40 0.16 S-P3-5 14.58 14.56 0.03 S-P3-5 14.37 14.34 0.08
S-P3-5 14.23 14.40 0.16 S-P3-5 14.53 14.56 0.03 S-P3-5 14.24 14.34 0.08
S-P3-6 17.52 17.45 0.06 S-P3-6 17.72 17.65 0.06 S-P3-6 17.71 17.60 0.10
S-P3-6 17.41 17.45 0.06 S-P3-6 17.61 17.65 0.06 S-P3-6 17.52 17.60 0.10
S-P3-6 17.43 17.45 0.06 S-P3-6 17.63 17.65 0.06 S-P3-6 17.56 17.60 0.10
S-P3-7 20.33 20.47 0.19 S-P3-7 20.82 20.75 0.11 S-P3-7 20.61 20.67 0.08
S-P3-7 20.47 0.19 S-P3-7 20.75 0.11 S-P3-7 20.67 0.08
S-P3-7 20.60 20.47 0.19 S-P3-7 20.67 20.75 0.11 S-P3-7 20.72 20.67 0.08
S-P12-4 10.64 10.60 0.13 S-P12-4 10.94 10.91 0.04 S-P12-4 10.95 10.82 0.12
S-P12-4 10.71 10.60 0.13 S-P12-4 10.92 10.91 0.04 S-P12-4 10.79 10.82 0.12
S-P12-4 10.47 10.60 0.13 S-P12-4 10.86 10.91 0.04 S-P12-4 10.72 10.82 0.12
S-P12-5 14.60 14.58 0.12 S-P12-5 14.24 14.29 0.08 S-P12-5 14.11 14.40 0.26
S-P12-5 14.69 14.58 0.12 S-P12-5 14.25 14.29 0.08 S-P12-5 14.60 14.40 0.26
S-P12-5 14.45 14.58 0.12 S-P12-5 14.38 14.29 0.08 S-P12-5 14.49 14.40 0.26
S-P12-6 17.31 17.32 0.09 S-P12-6 17.12 17.17 0.05 S-P12-6 17.65 17.48 0.16
S-P12-6 17.42 17.32 0.09 S-P12-6 17.22 17.17 0.05 S-P12-6 17.35 17.48 0.16
S-P12-6 17.24 17.32 0.09 S-P12-6 17.18 17.17 0.05 S-P12-6 17.44 17.48 0.16
S-P12-7 20.45 20.31 0.13 S-P12-7 20.28 20.29 0.04 S-P12-7 20.37 20.32 0.13
S-P12-7 20.31 20.31 0.13 S-P12-7 20.25 20.29 0.04 S-P12-7 20.42 20.32 0.13
S-P12-7 20.19 20.31 0.13 S-P12-7 20.33 20.29 0.04 S-P12-7 20.18 20.32 0.13
Analysis Parameters Analysis Parameters Analysis Parameters
Type of ApplicationQuantification Type of ApplicationQuantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband Threshold setting Noiseband
Threshold level 158 Threshold level 162 Threshold level 162
Baseline setting Automatic Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF Drift Correction OFF




Figure 32: qPCR raw data of experiment number qPCR-8-1 (Plate 4, 5) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBR
cDNA:5-1A-P3 31.92 31.55 0.59 cDNA:5-1C-P3 28.59 28.69 0.08
cDNA:5-1A-P3 30.87 31.55 0.59 cDNA:5-1C-P3 28.74 28.69 0.08
cDNA:5-1A-P3 31.87 31.55 0.59 cDNA:5-1C-P3 28.72 28.69 0.08
cDNA:5-2A-P3 32.34 31.81 0.48 cDNA:5-2C-P3 29.94 30.05 0.14
cDNA:5-2A-P3 31.67 31.81 0.48 cDNA:5-2C-P3 30.00 30.05 0.14
cDNA:5-2A-P3 31.41 31.81 0.48 cDNA:5-2C-P3 30.20 30.05 0.14
cDNA:5-3A-P3 30.85 31.04 0.58 cDNA:5-3C-P3 31.95 31.85 0.09
cDNA:5-3A-P3 30.58 31.04 0.58 cDNA:5-3C-P3 31.79 31.85 0.09
cDNA:5-3A-P3 31.69 31.04 0.58 cDNA:5-3C-P3 31.79 31.85 0.09
cDNA:5-4A-P3 32.44 31.50 0.93 cDNA:5-4C-P3 32.75 32.09 0.57
cDNA:5-4A-P3 31.48 31.50 0.93 cDNA:5-4C-P3 31.77 32.09 0.57
cDNA:5-4A-P3 30.57 31.50 0.93 cDNA:5-4C-P3 31.75 32.09 0.57
cDNA:5-1A-P12 32.21 31.78 0.37 cDNA:5-1C-P12 29.11 28.57 0.47
cDNA:5-1A-P12 31.56 31.78 0.37 cDNA:5-1C-P12 28.35 28.57 0.47
cDNA:5-1A-P12 31.58 31.78 0.37 cDNA:5-1C-P12 28.26 28.57 0.47
cDNA:5-2A-P12 33.86 33.58 0.29 cDNA:5-2C-P12 29.54 29.59 0.04
cDNA:5-2A-P12 33.59 33.58 0.29 cDNA:5-2C-P12 29.61 29.59 0.04
cDNA:5-2A-P12 33.29 33.58 0.29 cDNA:5-2C-P12 29.62 29.59 0.04
cDNA:5-3A-P12 36.82 35.88 0.98 cDNA:5-3C-P12 30.93 30.81 0.23
cDNA:5-3A-P12 35.94 35.88 0.98 cDNA:5-3C-P12 30.54 30.81 0.23
cDNA:5-3A-P12 34.87 35.88 0.98 cDNA:5-3C-P12 30.94 30.81 0.23
cDNA:5-4A-P12 35.20 36.03 1.01 cDNA:5-4C-P12 32.95 33.22 0.92
cDNA:5-4A-P12 35.75 36.03 1.01 cDNA:5-4C-P12 32.46 33.22 0.92
cDNA:5-4A-P12 37.15 36.03 1.01 cDNA:5-4C-P12 34.25 33.22 0.92
cDNA:5-1A-rPOD 21.56 21.21 0.31 cDNA:5-1C-rPOD 22.97 22.67 0.29
cDNA:5-1A-rPOD 21.09 21.21 0.31 cDNA:5-1C-rPOD 22.63 22.67 0.29
cDNA:5-1A-rPOD 20.97 21.21 0.31 cDNA:5-1C-rPOD 22.39 22.67 0.29
cDNA:5-2A-rPOD 21.37 21.13 0.21 cDNA:5-2C-rPOD 22.28 22.03 0.23
cDNA:5-2A-rPOD 21.05 21.13 0.21 cDNA:5-2C-rPOD 21.83 22.03 0.23
cDNA:5-2A-rPOD 20.98 21.13 0.21 cDNA:5-2C-rPOD 21.98 22.03 0.23
cDNA:5-3A-rPOD 21.20 21.22 0.05 cDNA:5-3C-rPOD 21.93 21.91 0.06
cDNA:5-3A-rPOD 21.27 21.22 0.05 cDNA:5-3C-rPOD 21.96 21.91 0.06
cDNA:5-3A-rPOD 21.17 21.22 0.05 cDNA:5-3C-rPOD 21.83 21.91 0.06
cDNA:5-4A-rPOD 20.96 21.01 0.05 cDNA:5-4C-rPOD 21.98 21.92 0.06
cDNA:5-4A-rPOD 21.06 21.01 0.05 cDNA:5-4C-rPOD 21.85 21.92 0.06
cDNA:5-4A-rPOD 21.01 21.01 0.05 cDNA:5-4C-rPOD 21.94 21.92 0.06
cDNA:5-1B-P3 29.87 29.40 0.41 cDNA:5-1D-P3 27.38 27.18 0.22
cDNA:5-1B-P3 29.20 29.40 0.41 cDNA:5-1D-P3 27.21 27.18 0.22
cDNA:5-1B-P3 29.12 29.40 0.41 cDNA:5-1D-P3 26.95 27.18 0.22
cDNA:5-2B-P3 30.07 30.21 0.25 cDNA:5-2D-P3 28.36 28.43 0.07
cDNA:5-2B-P3 30.05 30.21 0.25 cDNA:5-2D-P3 28.42 28.43 0.07
cDNA:5-2B-P3 30.50 30.21 0.25 cDNA:5-2D-P3 28.50 28.43 0.07
cDNA:5-3B-P3 30.55 30.55 0.58 cDNA:5-3D-P3 30.24 30.08 0.19
cDNA:5-3B-P3 29.96 30.55 0.58 cDNA:5-3D-P3 29.86 30.08 0.19
cDNA:5-3B-P3 31.13 30.55 0.58 cDNA:5-3D-P3 30.13 30.08 0.19
cDNA:5-4B-P3 30.83 30.83 0.20 cDNA:5-4D-P3 32.10 31.76 0.30
cDNA:5-4B-P3 30.62 30.83 0.20 cDNA:5-4D-P3 31.55 31.76 0.30
cDNA:5-4B-P3 31.03 30.83 0.20 cDNA:5-4D-P3 31.62 31.76 0.30
cDNA:5-1B-P12 30.26 29.70 0.49 cDNA:5-1D-P12 27.52 27.29 0.23
cDNA:5-1B-P12 29.35 29.70 0.49 cDNA:5-1D-P12 27.30 27.29 0.23
cDNA:5-1B-P12 29.47 29.70 0.49 cDNA:5-1D-P12 27.05 27.29 0.23
cDNA:5-2B-P12 31.43 31.13 0.30 cDNA:5-2D-P12 28.51 28.33 0.18
cDNA:5-2B-P12 30.83 31.13 0.30 cDNA:5-2D-P12 28.14 28.33 0.18
cDNA:5-2B-P12 31.14 31.13 0.30 cDNA:5-2D-P12 28.34 28.33 0.18
cDNA:5-3B-P12 33.30 33.19 0.13 cDNA:5-3D-P12 29.92 30.14 0.26
cDNA:5-3B-P12 33.06 33.19 0.13 cDNA:5-3D-P12 30.07 30.14 0.26
cDNA:5-3B-P12 33.20 33.19 0.13 cDNA:5-3D-P12 30.42 30.14 0.26
cDNA:5-4B-P12 33.49 34.02 0.75 cDNA:5-4D-P12 32.36 32.50 0.24
cDNA:5-4B-P12 34.54 34.02 0.75 cDNA:5-4D-P12 32.37 32.50 0.24
cDNA:5-4B-P12 34.02 0.75 cDNA:5-4D-P12 32.78 32.50 0.24
cDNA:5-1B-rPOD 22.23 22.04 0.17 cDNA:5-1D-rPOD 22.83 22.63 0.19
cDNA:5-1B-rPOD 21.92 22.04 0.17 cDNA:5-1D-rPOD 22.61 22.63 0.19
cDNA:5-1B-rPOD 21.96 22.04 0.17 cDNA:5-1D-rPOD 22.44 22.63 0.19
cDNA:5-2B-rPOD 21.89 21.87 0.04 cDNA:5-2D-rPOD 22.10 22.11 0.07
cDNA:5-2B-rPOD 21.90 21.87 0.04 cDNA:5-2D-rPOD 22.18 22.11 0.07
cDNA:5-2B-rPOD 21.83 21.87 0.04 cDNA:5-2D-rPOD 22.04 22.11 0.07
cDNA:5-3B-rPOD 22.16 22.26 0.14 cDNA:5-3D-rPOD 22.14 22.10 0.04
cDNA:5-3B-rPOD 22.20 22.26 0.14 cDNA:5-3D-rPOD 22.10 22.10 0.04
cDNA:5-3B-rPOD 22.41 22.26 0.14 cDNA:5-3D-rPOD 22.06 22.10 0.04
cDNA:5-4B-rPOD 21.38 21.43 0.05 cDNA:5-4D-rPOD 21.63 21.65 0.08
cDNA:5-4B-rPOD 21.48 21.43 0.05 cDNA:5-4D-rPOD 21.58 21.65 0.08
cDNA:5-4B-rPOD 21.43 21.43 0.05 cDNA:5-4D-rPOD 21.74 21.65 0.08
S-P3-4 10.70 10.71 0.10 S-P3-4 11.03 11.00 0.04
S-P3-4 10.82 10.71 0.10 S-P3-4 11.01 11.00 0.04
S-P3-4 10.61 10.71 0.10 S-P3-4 10.96 11.00 0.04
S-P3-5 13.78 13.91 0.11 S-P3-5 14.24 14.22 0.03
S-P3-5 13.96 13.91 0.11 S-P3-5 14.18 14.22 0.03
S-P3-5 13.99 13.91 0.11 S-P3-5 14.23 14.22 0.03
No template control cDNA:5-RT-4B-P3
No template control cDNA:5-RT-4B-P3
No template control cDNA:5-RT-4B-P3
S-P3-7 20.34 20.52 0.25 S-P3-7 20.58 20.54 0.05
S-P3-7 20.52 0.25 S-P3-7 20.54 0.05
S-P3-7 20.70 20.52 0.25 S-P3-7 20.51 20.54 0.05
S-P12-4 10.58 10.55 0.06 S-P12-4 10.78 10.78 0.04
S-P12-4 10.49 10.55 0.06 S-P12-4 10.83 10.78 0.04
S-P12-4 10.59 10.55 0.06 S-P12-4 10.74 10.78 0.04
S-P12-5 14.00 14.05 0.05 S-P12-5 14.26 14.27 0.03
S-P12-5 14.04 14.05 0.05 S-P12-5 14.30 14.27 0.03
S-P12-5 14.09 14.05 0.05 S-P12-5 14.25 14.27 0.03
No template control cDNA:5-RT-4D-P12
No template control cDNA:5-RT-4D-P12
No template control cDNA:5-RT-4D-P12
S-P12-7 20.64 20.52 0.23 S-P12-7 20.37 20.29 0.13
S-P12-7 20.66 20.52 0.23 S-P12-7 20.36 20.29 0.13
S-P12-7 20.26 20.52 0.23 S-P12-7 20.14 20.29 0.13
Analysis Parameters Analysis Parameters
Type of Application Quantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband
Threshold level 149 Threshold level 153
Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF




Figure 33: qPCR raw data of experiment number qPCR-8-2 (Plate 1, 2, 3) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBRName Ct SYBR Ct Mean SYBR Ct Dev. SYBR
1X:10-P3 30.00 30.10 0.12 1A-P3 23.70 23.76 0.06 1C-P3 20.79 20.87 0.12
1X:10-P3 30.07 30.10 0.12 1A-P3 23.77 23.76 0.06 1C-P3 20.82 20.87 0.12
1X:10-P3 30.24 30.10 0.12 1A-P3 23.82 23.76 0.06 1C-P3 21.00 20.87 0.12
2X:10-P3 31.18 31.14 0.46 2A-P3 24.74 24.56 0.17 2C-P3 22.15 22.10 0.07
2X:10-P3 30.67 31.14 0.46 2A-P3 24.54 24.56 0.17 2C-P3 22.12 22.10 0.07
2X:10-P3 31.58 31.14 0.46 2A-P3 24.41 24.56 0.17 2C-P3 22.02 22.10 0.07
3X:10-P3 31.16 30.99 0.16 3A-P3 24.30 24.30 0.00 3C-P3 22.79 22.67 0.12
3X:10-P3 30.96 30.99 0.16 3A-P3 24.30 24.30 0.00 3C-P3 22.54 22.67 0.12
3X:10-P3 30.85 30.99 0.16 3A-P3 24.30 24.30 0.00 3C-P3 22.68 22.67 0.12
4X:10-P3 31.63 31.09 0.51 4A-P3 24.08 23.97 0.10 4C-P3 23.60 23.61 0.02
4X:10-P3 31.02 31.09 0.51 4A-P3 23.88 23.97 0.10 4C-P3 23.63 23.61 0.02
4X:10-P3 30.63 31.09 0.51 4A-P3 23.94 23.97 0.10 4C-P3 23.59 23.61 0.02
1X:10-P12 29.29 28.92 0.32 1A-P12 24.54 24.08 0.42 1C-P12 21.68 21.21 0.41
1X:10-P12 28.71 28.92 0.32 1A-P12 23.98 24.08 0.42 1C-P12 21.00 21.21 0.41
1X:10-P12 28.76 28.92 0.32 1A-P12 23.73 24.08 0.42 1C-P12 20.95 21.21 0.41
2X:10-P12 29.58 29.76 0.17 2A-P12 24.95 24.96 0.02 2C-P12 22.45 22.26 0.18
2X:10-P12 29.93 29.76 0.17 2A-P12 24.97 24.96 0.02 2C-P12 22.26 22.26 0.18
2X:10-P12 29.75 29.76 0.17 2A-P12 24.94 24.96 0.02 2C-P12 22.08 22.26 0.18
3X:10-P12 29.47 29.71 0.24 3A-P12 24.83 24.78 0.08 3C-P12 23.15 22.95 0.20
3X:10-P12 29.71 29.71 0.24 3A-P12 24.82 24.78 0.08 3C-P12 22.96 22.95 0.20
3X:10-P12 29.95 29.71 0.24 3A-P12 24.68 24.78 0.08 3C-P12 22.74 22.95 0.20
4X:10-P12 29.63 29.88 0.23 4A-P12 24.55 24.35 0.22 4C-P12 23.91 23.90 0.24
4X:10-P12 29.96 29.88 0.23 4A-P12 24.12 24.35 0.22 4C-P12 23.66 23.90 0.24
4X:10-P12 30.06 29.88 0.23 4A-P12 24.39 24.35 0.22 4C-P12 24.14 23.90 0.24
1X:10-rPOD 20.39 20.18 0.20 1A-rPOD 20.39 20.10 0.26 1C-rPOD 20.00 19.92 0.15
1X:10-rPOD 20.17 20.18 0.20 1A-rPOD 20.01 20.10 0.26 1C-rPOD 20.00 19.92 0.15
1X:10-rPOD 19.99 20.18 0.20 1A-rPOD 19.91 20.10 0.26 1C-rPOD 19.75 19.92 0.15
2X:10-rPOD 19.97 19.90 0.23 2A-rPOD 20.08 19.92 0.16 2C-rPOD 20.01 19.80 0.19
2X:10-rPOD 19.64 19.90 0.23 2A-rPOD 19.92 19.92 0.16 2C-rPOD 19.74 19.80 0.19
2X:10-rPOD 20.09 19.90 0.23 2A-rPOD 19.77 19.92 0.16 2C-rPOD 19.65 19.80 0.19
3X:10-rPOD 19.86 19.86 0.07 3A-rPOD 19.41 19.34 0.14 3C-rPOD 18.85 18.91 0.06
3X:10-rPOD 19.80 19.86 0.07 3A-rPOD 19.44 19.34 0.14 3C-rPOD 18.96 18.91 0.06
3X:10-rPOD 19.94 19.86 0.07 3A-rPOD 19.18 19.34 0.14 3C-rPOD 18.92 18.91 0.06
4X:10-rPOD 20.04 19.73 0.32 4A-rPOD 19.51 19.42 0.09 4C-rPOD 19.33 18.92 0.37
4X:10-rPOD 19.74 19.73 0.32 4A-rPOD 19.42 19.42 0.09 4C-rPOD 18.85 18.92 0.37
4X:10-rPOD 19.41 19.73 0.32 4A-rPOD 19.32 19.42 0.09 4C-rPOD 18.59 18.92 0.37
1V-P3 19.65 19.26 0.34 1B-P3 23.03 22.53 0.43 1D-P3 20.78 20.39 0.35
1V-P3 19.08 19.26 0.34 1B-P3 22.35 22.53 0.43 1D-P3 20.26 20.39 0.35
1V-P3 19.04 19.26 0.34 1B-P3 22.22 22.53 0.43 1D-P3 20.13 20.39 0.35
2V-P3 20.21 20.17 0.06 2B-P3 23.52 23.60 0.12 2D-P3 21.21 21.31 0.12
2V-P3 20.19 20.17 0.06 2B-P3 23.74 23.60 0.12 2D-P3 21.44 21.31 0.12
2V-P3 20.10 20.17 0.06 2B-P3 23.53 23.60 0.12 2D-P3 21.30 21.31 0.12
3V-P3 20.12 19.99 0.11 3B-P3 23.76 23.76 0.11 3D-P3 22.66 22.32 0.30
3V-P3 19.94 19.99 0.11 3B-P3 23.65 23.76 0.11 3D-P3 22.12 22.32 0.30
3V-P3 19.92 19.99 0.11 3B-P3 23.87 23.76 0.11 3D-P3 22.18 22.32 0.30
4V-P3 19.86 19.76 0.09 4B-P3 23.97 24.01 0.06 4D-P3 23.57 23.45 0.11
4V-P3 19.73 19.76 0.09 4B-P3 23.99 24.01 0.06 4D-P3 23.40 23.45 0.11
4V-P3 19.69 19.76 0.09 4B-P3 24.09 24.01 0.06 4D-P3 23.38 23.45 0.11
1V-P12 20.13 19.56 0.51 1B-P12 23.17 22.67 0.44 1D-P12 21.00 20.65 0.30
1V-P12 19.15 19.56 0.51 1B-P12 22.35 22.67 0.44 1D-P12 20.47 20.65 0.30
1V-P12 19.41 19.56 0.51 1B-P12 22.49 22.67 0.44 1D-P12 20.48 20.65 0.30
2V-P12 20.55 20.47 0.07 2B-P12 23.76 23.82 0.10 2D-P12 21.84 21.61 0.23
2V-P12 20.40 20.47 0.07 2B-P12 23.77 23.82 0.10 2D-P12 21.39 21.61 0.23
2V-P12 20.47 20.47 0.07 2B-P12 23.94 23.82 0.10 2D-P12 21.59 21.61 0.23
3V-P12 20.28 20.31 0.03 3B-P12 23.94 23.98 0.08 3D-P12 22.61 22.48 0.11
3V-P12 20.30 20.31 0.03 3B-P12 23.93 23.98 0.08 3D-P12 22.41 22.48 0.11
3V-P12 20.34 20.31 0.03 3B-P12 24.07 23.98 0.08 3D-P12 22.43 22.48 0.11
4V-P12 20.03 19.94 0.25 4B-P12 23.98 23.86 0.16 4D-P12 23.49 23.64 0.15
4V-P12 19.66 19.94 0.25 4B-P12 23.68 23.86 0.16 4D-P12 23.78 23.64 0.15
4V-P12 20.14 19.94 0.25 4B-P12 23.93 23.86 0.16 4D-P12 23.65 23.64 0.15
1V-rPOD 30.91 30.63 0.41 1B-rPOD 19.41 19.12 0.25 1D-rPOD 19.51 19.43 0.07
1V-rPOD 30.83 30.63 0.41 1B-rPOD 18.95 19.12 0.25 1D-rPOD 19.37 19.43 0.07
1V-rPOD 30.16 30.63 0.41 1B-rPOD 19.00 19.12 0.25 1D-rPOD 19.42 19.43 0.07
2V-rPOD 30.72 30.48 0.22 2B-rPOD 18.85 18.78 0.13 2D-rPOD 18.85 18.80 0.10
2V-rPOD 30.28 30.48 0.22 2B-rPOD 18.63 18.78 0.13 2D-rPOD 18.69 18.80 0.10
2V-rPOD 30.45 30.48 0.22 2B-rPOD 18.87 18.78 0.13 2D-rPOD 18.86 18.80 0.10
3V-rPOD 30.94 30.77 0.50 3B-rPOD 18.17 18.04 0.12 3D-rPOD 19.39 19.06 0.29
3V-rPOD 30.21 30.77 0.50 3B-rPOD 17.93 18.04 0.12 3D-rPOD 18.92 19.06 0.29
3V-rPOD 31.16 30.77 0.50 3B-rPOD 18.03 18.04 0.12 3D-rPOD 18.88 19.06 0.29
4V-rPOD 30.36 30.42 0.19 4B-rPOD 18.16 18.07 0.09 4D-rPOD 18.77 18.78 0.15
4V-rPOD 30.27 30.42 0.19 4B-rPOD 17.98 18.07 0.09 4D-rPOD 18.93 18.78 0.15
4V-rPOD 30.63 30.42 0.19 4B-rPOD 18.06 18.07 0.09 4D-rPOD 18.63 18.78 0.15
S-P3-4 11.01 10.95 0.12 S-P3-4 13.17 13.20 0.09 S-P3-4 13.35 13.03 0.32
S-P3-4 11.02 10.95 0.12 S-P3-4 13.30 13.20 0.09 S-P3-4 13.01 13.03 0.32
S-P3-4 10.82 10.95 0.12 S-P3-4 13.12 13.20 0.09 S-P3-4 12.72 13.03 0.32
S-P3-5 14.36 14.31 0.04 S-P3-5 14.86 14.68 0.22 S-P3-5 14.88 14.87 0.18
S-P3-5 14.30 14.31 0.04 S-P3-5 14.75 14.68 0.22 S-P3-5 15.04 14.87 0.18
S-P3-5 14.29 14.31 0.04 S-P3-5 14.44 14.68 0.22 S-P3-5 14.68 14.87 0.18
S-P3-6 17.62 17.66 0.13 S-P3-6 17.99 17.74 0.36 S-P3-6 18.10 17.95 0.24
S-P3-6 17.81 17.66 0.13 S-P3-6 17.33 17.74 0.36 S-P3-6 17.68 17.95 0.24
S-P3-6 17.55 17.66 0.13 S-P3-6 17.90 17.74 0.36 S-P3-6 18.07 17.95 0.24
S-P3-7 20.74 20.59 0.20 S-P3-7 21.20 21.27 0.09 S-P3-7 21.09 21.03 0.08
S-P3-7 20.59 0.20 S-P3-7 21.27 0.09 S-P3-7 21.03 0.08
S-P3-7 20.45 20.59 0.20 S-P3-7 21.33 21.27 0.09 S-P3-7 20.98 21.03 0.08
S-P12-4 11.38 11.15 0.20 S-P12-4 11.28 11.29 0.11 S-P12-4 11.72 11.41 0.50
S-P12-4 10.99 11.15 0.20 S-P12-4 11.40 11.29 0.11 S-P12-4 11.68 11.41 0.50
S-P12-4 11.10 11.15 0.20 S-P12-4 11.19 11.29 0.11 S-P12-4 10.83 11.41 0.50
S-P12-5 14.62 14.51 0.12 S-P12-5 15.10 14.79 0.27 S-P12-5 14.87 14.98 0.14
S-P12-5 14.53 14.51 0.12 S-P12-5 14.58 14.79 0.27 S-P12-5 15.14 14.98 0.14
S-P12-5 14.38 14.51 0.12 S-P12-5 14.70 14.79 0.27 S-P12-5 14.94 14.98 0.14
S-P12-6 17.70 17.63 0.09 S-P12-6 18.34 18.07 0.29 S-P12-6 18.08 17.95 0.12
S-P12-6 17.64 17.63 0.09 S-P12-6 17.76 18.07 0.29 S-P12-6 17.91 17.95 0.12
S-P12-6 17.53 17.63 0.09 S-P12-6 18.10 18.07 0.29 S-P12-6 17.85 17.95 0.12
S-P12-7 20.91 20.92 0.15 S-P12-7 21.50 21.46 0.10 S-P12-7 21.63 21.72 0.09
S-P12-7 21.08 20.92 0.15 S-P12-7 21.53 21.46 0.10 S-P12-7 21.72 21.72 0.09
S-P12-7 20.78 20.92 0.15 S-P12-7 21.35 21.46 0.10 S-P12-7 21.81 21.72 0.09
Analysis Parameters Analysis Parameters Analysis Parameters
Type of ApplicationQuantification Type of ApplicationQuantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband Threshold setting Noiseband
Threshold level 172 Threshold level 162 Threshold level 157
Baseline setting Automatic Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF Drift Correction OFF




Figure 34: qPCR raw data of experiment number qPCR-8-2 (Plate 4, 5) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBR
cDNA:5-1A-P3 34.72 35.26 0.52 cDNA:5-1C-P3 28.81 28.81 0.01
cDNA:5-1A-P3 35.77 35.26 0.52 cDNA:5-1C-P3 28.82 28.81 0.01
cDNA:5-1A-P3 35.28 35.26 0.52 cDNA:5-1C-P3 28.80 28.81 0.01
cDNA:5-2A-P3 cDNA:5-2C-P3 30.49 30.41 0.14
cDNA:5-2A-P3 cDNA:5-2C-P3 30.50 30.41 0.14
cDNA:5-2A-P3 35.34 cDNA:5-2C-P3 30.25 30.41 0.14
cDNA:5-3A-P3 34.41 cDNA:5-3C-P3 31.95 31.75 0.19
cDNA:5-3A-P3 cDNA:5-3C-P3 31.73 31.75 0.19
cDNA:5-3A-P3 cDNA:5-3C-P3 31.56 31.75 0.19
cDNA:5-4A-P3 35.92 cDNA:5-4C-P3 33.40 33.23 0.55
cDNA:5-4A-P3 cDNA:5-4C-P3 33.67 33.23 0.55
cDNA:5-4A-P3 cDNA:5-4C-P3 32.62 33.23 0.55
cDNA:5-1A-P12 31.09 30.78 0.34 cDNA:5-1C-P12 28.24 28.02 0.40
cDNA:5-1A-P12 30.84 30.78 0.34 cDNA:5-1C-P12 28.28 28.02 0.40
cDNA:5-1A-P12 30.41 30.78 0.34 cDNA:5-1C-P12 27.56 28.02 0.40
cDNA:5-2A-P12 32.23 31.87 0.33 cDNA:5-2C-P12 29.56 29.45 0.20
cDNA:5-2A-P12 31.59 31.87 0.33 cDNA:5-2C-P12 29.57 29.45 0.20
cDNA:5-2A-P12 31.79 31.87 0.33 cDNA:5-2C-P12 29.23 29.45 0.20
cDNA:5-3A-P12 33.56 33.56 0.56 cDNA:5-3C-P12 30.88 30.90 0.06
cDNA:5-3A-P12 32.99 33.56 0.56 cDNA:5-3C-P12 30.86 30.90 0.06
cDNA:5-3A-P12 34.12 33.56 0.56 cDNA:5-3C-P12 30.97 30.90 0.06
cDNA:5-4A-P12 35.33 35.06 0.38 cDNA:5-4C-P12 32.33 32.57 0.43
cDNA:5-4A-P12 34.78 35.06 0.38 cDNA:5-4C-P12 32.31 32.57 0.43
cDNA:5-4A-P12 35.06 0.38 cDNA:5-4C-P12 33.07 32.57 0.43
cDNA:5-1A-rPOD 23.67 23.28 0.34 cDNA:5-1C-rPOD 23.37 23.24 0.12
cDNA:5-1A-rPOD 23.14 23.28 0.34 cDNA:5-1C-rPOD 23.22 23.24 0.12
cDNA:5-1A-rPOD 23.03 23.28 0.34 cDNA:5-1C-rPOD 23.12 23.24 0.12
cDNA:5-2A-rPOD 23.04 22.79 0.23 cDNA:5-2C-rPOD 23.78 23.46 0.27
cDNA:5-2A-rPOD 22.61 22.79 0.23 cDNA:5-2C-rPOD 23.30 23.46 0.27
cDNA:5-2A-rPOD 22.71 22.79 0.23 cDNA:5-2C-rPOD 23.32 23.46 0.27
cDNA:5-3A-rPOD 22.77 22.82 0.04 cDNA:5-3C-rPOD 22.97 22.96 0.12
cDNA:5-3A-rPOD 22.81 22.82 0.04 cDNA:5-3C-rPOD 23.08 22.96 0.12
cDNA:5-3A-rPOD 22.86 22.82 0.04 cDNA:5-3C-rPOD 22.84 22.96 0.12
cDNA:5-4A-rPOD 22.27 22.13 0.13 cDNA:5-4C-rPOD 22.56 22.42 0.14
cDNA:5-4A-rPOD 22.04 22.13 0.13 cDNA:5-4C-rPOD 22.44 22.42 0.14
cDNA:5-4A-rPOD 22.07 22.13 0.13 cDNA:5-4C-rPOD 22.27 22.42 0.14
cDNA:5-1B-P3 30.92 30.54 0.46 cDNA:5-1D-P3 28.06 27.66 0.36
cDNA:5-1B-P3 30.67 30.54 0.46 cDNA:5-1D-P3 27.60 27.66 0.36
cDNA:5-1B-P3 30.03 30.54 0.46 cDNA:5-1D-P3 27.33 27.66 0.36
cDNA:5-2B-P3 32.68 32.42 0.25 cDNA:5-2D-P3 28.99 29.10 0.12
cDNA:5-2B-P3 32.38 32.42 0.25 cDNA:5-2D-P3 29.24 29.10 0.12
cDNA:5-2B-P3 32.19 32.42 0.25 cDNA:5-2D-P3 29.08 29.10 0.12
cDNA:5-3B-P3 32.46 33.43 1.03 cDNA:5-3D-P3 30.19 30.15 0.06
cDNA:5-3B-P3 33.30 33.43 1.03 cDNA:5-3D-P3 30.18 30.15 0.06
cDNA:5-3B-P3 34.52 33.43 1.03 cDNA:5-3D-P3 30.08 30.15 0.06
cDNA:5-4B-P3 cDNA:5-4D-P3 31.80 32.03 0.26
cDNA:5-4B-P3 34.26 cDNA:5-4D-P3 32.31 32.03 0.26
cDNA:5-4B-P3 cDNA:5-4D-P3 31.97 32.03 0.26
cDNA:5-1B-P12 28.86 28.58 0.24 cDNA:5-1D-P12 27.73 27.28 0.40
cDNA:5-1B-P12 28.45 28.58 0.24 cDNA:5-1D-P12 26.96 27.28 0.40
cDNA:5-1B-P12 28.43 28.58 0.24 cDNA:5-1D-P12 27.15 27.28 0.40
cDNA:5-2B-P12 30.00 30.13 0.19 cDNA:5-2D-P12 28.44 28.51 0.06
cDNA:5-2B-P12 30.04 30.13 0.19 cDNA:5-2D-P12 28.56 28.51 0.06
cDNA:5-2B-P12 30.35 30.13 0.19 cDNA:5-2D-P12 28.55 28.51 0.06
cDNA:5-3B-P12 31.30 30.98 0.28 cDNA:5-3D-P12 29.55 29.44 0.20
cDNA:5-3B-P12 30.78 30.98 0.28 cDNA:5-3D-P12 29.22 29.44 0.20
cDNA:5-3B-P12 30.86 30.98 0.28 cDNA:5-3D-P12 29.56 29.44 0.20
cDNA:5-4B-P12 35.38 33.87 1.37 cDNA:5-4D-P12 31.45 31.96 0.86
cDNA:5-4B-P12 32.71 33.87 1.37 cDNA:5-4D-P12 31.47 31.96 0.86
cDNA:5-4B-P12 33.54 33.87 1.37 cDNA:5-4D-P12 32.95 31.96 0.86
cDNA:5-1B-rPOD 24.00 23.78 0.21 cDNA:5-1D-rPOD 23.81 23.66 0.14
cDNA:5-1B-rPOD 23.74 23.78 0.21 cDNA:5-1D-rPOD 23.64 23.66 0.14
cDNA:5-1B-rPOD 23.59 23.78 0.21 cDNA:5-1D-rPOD 23.54 23.66 0.14
cDNA:5-2B-rPOD 23.80 23.61 0.17 cDNA:5-2D-rPOD 23.41 23.22 0.19
cDNA:5-2B-rPOD 23.52 23.61 0.17 cDNA:5-2D-rPOD 23.24 23.22 0.19
cDNA:5-2B-rPOD 23.50 23.61 0.17 cDNA:5-2D-rPOD 23.02 23.22 0.19
cDNA:5-3B-rPOD 23.41 23.18 0.21 cDNA:5-3D-rPOD 23.59 23.22 0.32
cDNA:5-3B-rPOD 23.14 23.18 0.21 cDNA:5-3D-rPOD 23.08 23.22 0.32
cDNA:5-3B-rPOD 22.99 23.18 0.21 cDNA:5-3D-rPOD 22.98 23.22 0.32
cDNA:5-4B-rPOD 22.88 23.03 0.17 cDNA:5-4D-rPOD 22.76 22.71 0.04
cDNA:5-4B-rPOD 22.99 23.03 0.17 cDNA:5-4D-rPOD 22.67 22.71 0.04
cDNA:5-4B-rPOD 23.22 23.03 0.17 cDNA:5-4D-rPOD 22.69 22.71 0.04
S-P3-4 12.10 12.18 0.14 S-P3-4 11.88 11.79 0.14
S-P3-4 12.35 12.18 0.14 S-P3-4 11.88 11.79 0.14
S-P3-4 12.10 12.18 0.14 S-P3-4 11.63 11.79 0.14
S-P3-5 14.59 14.60 0.04 S-P3-5 14.53 14.60 0.14
S-P3-5 14.64 14.60 0.04 S-P3-5 14.77 14.60 0.14
S-P3-5 14.57 14.60 0.04 S-P3-5 14.52 14.60 0.14
No template control-P3 34.81 cDNA:5-RT-1B-P3
No template control-P3 cDNA:5-RT-1B-P3 35.59
No template control-P3 cDNA:5-RT-1B-P3
S-P3-7 21.24 21.21 0.03 S-P3-7 20.84 20.93 0.13
S-P3-7 21.21 0.03 S-P3-7 20.93 0.13
S-P3-7 21.19 21.21 0.03 S-P3-7 21.03 20.93 0.13
S-P12-4 11.54 11.42 0.18 S-P12-4 11.43 11.24 0.16
S-P12-4 11.51 11.42 0.18 S-P12-4 11.15 11.24 0.16
S-P12-4 11.22 11.42 0.18 S-P12-4 11.14 11.24 0.16
S-P12-5 14.74 14.65 0.09 S-P12-5 14.80 14.67 0.13
S-P12-5 14.56 14.65 0.09 S-P12-5 14.53 14.67 0.13
S-P12-5 14.64 14.65 0.09 S-P12-5 14.69 14.67 0.13
No template control-P12 cDNA:5-RT-4C-P12 34.88
No template control-P12 cDNA:5-RT-4C-P12
No template control-P12 cDNA:5-RT-4C-P12
S-P12-7 21.52 21.40 0.10 S-P12-7 21.29 21.33 0.05
S-P12-7 21.35 21.40 0.10 S-P12-7 21.39 21.33 0.05
S-P12-7 21.34 21.40 0.10 S-P12-7 21.31 21.33 0.05
Analysis Parameters Analysis Parameters
Type of Application Quantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband
Threshold level 159 Threshold level 147
Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF




Figure 35: qPCR raw data of experiment number qPCR-10.5-1 (Plate 1, 2, 3) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBRName Ct SYBR Ct Mean SYBR Ct Dev. SYBR
1X:10-P3 32.62 32.21 0.36 1A-P3 23.80 24.01 0.18 1C-P3 20.86 21.11 0.23
1X:10-P3 31.94 32.21 0.36 1A-P3 24.13 24.01 0.18 1C-P3 21.31 21.11 0.23
1X:10-P3 32.07 32.21 0.36 1A-P3 24.09 24.01 0.18 1C-P3 21.18 21.11 0.23
2X:10-P3 32.00 31.84 0.18 2A-P3 24.45 24.13 0.28 2C-P3 22.11 21.99 0.10
2X:10-P3 31.89 31.84 0.18 2A-P3 23.94 24.13 0.28 2C-P3 21.94 21.99 0.10
2X:10-P3 31.65 31.84 0.18 2A-P3 24.01 24.13 0.28 2C-P3 21.93 21.99 0.10
3X:10-P3 31.31 31.47 0.18 3A-P3 23.65 23.68 0.09 3C-P3 22.35 22.39 0.06
3X:10-P3 31.66 31.47 0.18 3A-P3 23.77 23.68 0.09 3C-P3 22.46 22.39 0.06
3X:10-P3 31.44 31.47 0.18 3A-P3 23.60 23.68 0.09 3C-P3 22.35 22.39 0.06
4X:10-P3 31.14 31.49 0.64 4A-P3 23.38 23.26 0.11 4C-P3 22.96 22.89 0.06
4X:10-P3 32.23 31.49 0.64 4A-P3 23.18 23.26 0.11 4C-P3 22.84 22.89 0.06
4X:10-P3 31.11 31.49 0.64 4A-P3 23.22 23.26 0.11 4C-P3 22.88 22.89 0.06
1X:10-P12 34.73 33.77 0.93 1A-P12 25.46 24.96 0.44 1C-P12 23.13 22.65 0.42
1X:10-P12 33.73 33.77 0.93 1A-P12 24.80 24.96 0.44 1C-P12 22.47 22.65 0.42
1X:10-P12 32.86 33.77 0.93 1A-P12 24.62 24.96 0.44 1C-P12 22.36 22.65 0.42
2X:10-P12 34.36 34.27 0.24 2A-P12 25.50 25.43 0.14 2C-P12 23.92 23.66 0.26
2X:10-P12 34.46 34.27 0.24 2A-P12 25.53 25.43 0.14 2C-P12 23.64 23.66 0.26
2X:10-P12 34.00 34.27 0.24 2A-P12 25.28 25.43 0.14 2C-P12 23.42 23.66 0.26
3X:10-P12 35.18 34.51 0.64 3A-P12 25.03 24.96 0.08 3C-P12 24.65 24.62 0.10
3X:10-P12 34.47 34.51 0.64 3A-P12 24.98 24.96 0.08 3C-P12 24.51 24.62 0.10
3X:10-P12 33.89 34.51 0.64 3A-P12 24.88 24.96 0.08 3C-P12 24.71 24.62 0.10
4X:10-P12 33.78 33.75 0.18 4A-P12 24.46 24.46 0.16 4C-P12 24.42 24.45 0.10
4X:10-P12 33.56 33.75 0.18 4A-P12 24.30 24.46 0.16 4C-P12 24.57 24.45 0.10
4X:10-P12 33.92 33.75 0.18 4A-P12 24.61 24.46 0.16 4C-P12 24.37 24.45 0.10
1X:10-rPOD 19.79 19.62 0.15 1A-rPOD 18.75 18.53 0.19 1C-rPOD 18.38 18.06 0.27
1X:10-rPOD 19.56 19.62 0.15 1A-rPOD 18.46 18.53 0.19 1C-rPOD 17.90 18.06 0.27
1X:10-rPOD 19.51 19.62 0.15 1A-rPOD 18.37 18.53 0.19 1C-rPOD 17.91 18.06 0.27
2X:10-rPOD 20.24 20.00 0.22 2A-rPOD 18.83 18.51 0.29 2C-rPOD 17.96 17.78 0.20
2X:10-rPOD 19.83 20.00 0.22 2A-rPOD 18.45 18.51 0.29 2C-rPOD 17.55 17.78 0.20
2X:10-rPOD 19.94 20.00 0.22 2A-rPOD 18.25 18.51 0.29 2C-rPOD 17.82 17.78 0.20
3X:10-rPOD 19.15 19.02 0.11 3A-rPOD 18.32 18.08 0.20 3C-rPOD 17.24 17.09 0.27
3X:10-rPOD 18.93 19.02 0.11 3A-rPOD 17.96 18.08 0.20 3C-rPOD 17.25 17.09 0.27
3X:10-rPOD 18.99 19.02 0.11 3A-rPOD 17.97 18.08 0.20 3C-rPOD 16.77 17.09 0.27
4X:10-rPOD 18.62 18.50 0.28 4A-rPOD 18.16 18.14 0.15 4C-rPOD 16.64 16.63 0.25
4X:10-rPOD 18.70 18.50 0.28 4A-rPOD 18.27 18.14 0.15 4C-rPOD 16.87 16.63 0.25
4X:10-rPOD 18.17 18.50 0.28 4A-rPOD 17.98 18.14 0.15 4C-rPOD 16.37 16.63 0.25
1V-P3 21.12 20.59 0.46 1B-P3 22.98 22.57 0.37 1D-P3 21.00 20.73 0.27
1V-P3 20.26 20.59 0.46 1B-P3 22.44 22.57 0.37 1D-P3 20.74 20.73 0.27
1V-P3 20.39 20.59 0.46 1B-P3 22.28 22.57 0.37 1D-P3 20.45 20.73 0.27
2V-P3 21.16 21.20 0.10 2B-P3 22.87 22.90 0.03 2D-P3 21.43 21.53 0.17
2V-P3 21.31 21.20 0.10 2B-P3 22.89 22.90 0.03 2D-P3 21.73 21.53 0.17
2V-P3 21.13 21.20 0.10 2B-P3 22.94 22.90 0.03 2D-P3 21.44 21.53 0.17
3V-P3 20.29 20.34 0.07 3B-P3 23.05 23.03 0.05 3D-P3 21.88 22.04 0.21
3V-P3 20.31 20.34 0.07 3B-P3 22.97 23.03 0.05 3D-P3 22.28 22.04 0.21
3V-P3 20.42 20.34 0.07 3B-P3 23.07 23.03 0.05 3D-P3 21.97 22.04 0.21
4V-P3 20.28 20.14 0.16 4B-P3 23.39 23.38 0.14 4D-P3 23.33 23.26 0.12
4V-P3 19.97 20.14 0.16 4B-P3 23.23 23.38 0.14 4D-P3 23.33 23.26 0.12
4V-P3 20.19 20.14 0.16 4B-P3 23.51 23.38 0.14 4D-P3 23.12 23.26 0.12
1V-P12 23.16 22.86 0.40 1B-P12 23.59 23.43 0.23 1D-P12 22.25 21.84 0.38
1V-P12 22.40 22.86 0.40 1B-P12 23.17 23.43 0.23 1D-P12 21.50 21.84 0.38
1V-P12 23.02 22.86 0.40 1B-P12 23.53 23.43 0.23 1D-P12 21.77 21.84 0.38
2V-P12 23.79 23.72 0.07 2B-P12 23.91 23.84 0.27 2D-P12 22.85 22.82 0.26
2V-P12 23.64 23.72 0.07 2B-P12 23.55 23.84 0.27 2D-P12 22.55 22.82 0.26
2V-P12 23.72 23.72 0.07 2B-P12 24.06 23.84 0.27 2D-P12 23.07 22.82 0.26
3V-P12 22.77 22.78 0.04 3B-P12 24.16 24.13 0.09 3D-P12 23.55 23.55 0.02
3V-P12 22.83 22.78 0.04 3B-P12 24.21 24.13 0.09 3D-P12 23.56 23.55 0.02
3V-P12 22.75 22.78 0.04 3B-P12 24.04 24.13 0.09 3D-P12 23.53 23.55 0.02
4V-P12 22.61 22.25 0.33 4B-P12 24.58 24.15 0.38 4D-P12 24.85 24.66 0.21
4V-P12 21.95 22.25 0.33 4B-P12 23.88 24.15 0.38 4D-P12 24.43 24.66 0.21
4V-P12 22.19 22.25 0.33 4B-P12 23.98 24.15 0.38 4D-P12 24.70 24.66 0.21
1V-rPOD 31.68 31.90 0.34 1B-rPOD 18.34 17.99 0.30 1D-rPOD 18.59 18.34 0.22
1V-rPOD 32.29 31.90 0.34 1B-rPOD 17.84 17.99 0.30 1D-rPOD 18.19 18.34 0.22
1V-rPOD 31.73 31.90 0.34 1B-rPOD 17.80 17.99 0.30 1D-rPOD 18.23 18.34 0.22
2V-rPOD 32.38 31.84 0.55 2B-rPOD 17.45 17.39 0.12 2D-rPOD 18.00 18.00 0.05
2V-rPOD 31.84 31.84 0.55 2B-rPOD 17.47 17.39 0.12 2D-rPOD 17.96 18.00 0.05
2V-rPOD 31.29 31.84 0.55 2B-rPOD 17.25 17.39 0.12 2D-rPOD 18.06 18.00 0.05
3V-rPOD 31.64 31.03 0.54 3B-rPOD 17.37 17.24 0.12 3D-rPOD 17.95 17.85 0.08
3V-rPOD 30.61 31.03 0.54 3B-rPOD 17.14 17.24 0.12 3D-rPOD 17.81 17.85 0.08
3V-rPOD 30.83 31.03 0.54 3B-rPOD 17.20 17.24 0.12 3D-rPOD 17.80 17.85 0.08
4V-rPOD 30.26 29.92 0.32 4B-rPOD 17.23 17.12 0.16 4D-rPOD 17.75 17.77 0.10
4V-rPOD 29.89 29.92 0.32 4B-rPOD 16.93 17.12 0.16 4D-rPOD 17.88 17.77 0.10
4V-rPOD 29.61 29.92 0.32 4B-rPOD 17.20 17.12 0.16 4D-rPOD 17.67 17.77 0.10
S-P3-4 11.93 11.87 0.14 S-P3-4 11.36 11.41 0.05 S-P3-4 11.95 11.84 0.11
S-P3-4 11.96 11.87 0.14 S-P3-4 11.47 11.41 0.05 S-P3-4 11.85 11.84 0.11
S-P3-4 11.71 11.87 0.14 S-P3-4 11.40 11.41 0.05 S-P3-4 11.73 11.84 0.11
S-P3-5 15.32 15.26 0.14 S-P3-5 14.65 14.77 0.10 S-P3-5 14.87 14.93 0.22
S-P3-5 15.10 15.26 0.14 S-P3-5 14.82 14.77 0.10 S-P3-5 15.17 14.93 0.22
S-P3-5 15.36 15.26 0.14 S-P3-5 14.83 14.77 0.10 S-P3-5 14.74 14.93 0.22
S-P3-6 18.31 18.46 0.25 S-P3-6 17.95 17.88 0.06 S-P3-6 18.23 18.14 0.08
S-P3-6 18.74 18.46 0.25 S-P3-6 17.82 17.88 0.06 S-P3-6 18.10 18.14 0.08
S-P3-6 18.32 18.46 0.25 S-P3-6 17.88 17.88 0.06 S-P3-6 18.10 18.14 0.08
S-P3-7 21.39 21.50 0.17 S-P3-7 20.98 21.13 0.20 S-P3-7 21.10 21.06 0.06
S-P3-7 21.50 0.17 S-P3-7 21.13 0.20 S-P3-7 21.06 0.06
S-P3-7 21.62 21.50 0.17 S-P3-7 21.27 21.13 0.20 S-P3-7 21.02 21.06 0.06
S-P12-4 11.70 11.66 0.12 S-P12-4 14.85 14.00 0.75 S-P12-4 11.85 11.75 0.09
S-P12-4 11.76 11.66 0.12 S-P12-4 13.74 14.00 0.75 S-P12-4 11.72 11.75 0.09
S-P12-4 11.53 11.66 0.12 S-P12-4 13.42 14.00 0.75 S-P12-4 11.67 11.75 0.09
S-P12-5 16.86 17.05 0.18 S-P12-5 16.74 16.92 0.17 S-P12-5 16.03 16.08 0.19
S-P12-5 17.09 17.05 0.18 S-P12-5 17.07 16.92 0.17 S-P12-5 15.92 16.08 0.19
S-P12-5 17.21 17.05 0.18 S-P12-5 16.95 16.92 0.17 S-P12-5 16.29 16.08 0.19
S-P12-6 20.01 19.92 0.10 S-P12-6 20.78 20.73 0.12 S-P12-6 19.15 18.98 0.17
S-P12-6 19.95 19.92 0.10 S-P12-6 20.82 20.73 0.12 S-P12-6 18.81 18.98 0.17
S-P12-6 19.81 19.92 0.10 S-P12-6 20.60 20.73 0.12 S-P12-6 18.98 18.98 0.17
S-P12-7 22.05 22.03 0.30 S-P12-7 23.29 23.19 0.18 S-P12-7 21.28 21.15 0.34
S-P12-7 22.32 22.03 0.30 S-P12-7 23.29 23.19 0.18 S-P12-7 21.42 21.15 0.34
S-P12-7 21.72 22.03 0.30 S-P12-7 22.99 23.19 0.18 S-P12-7 20.77 21.15 0.34
Analysis Parameters Analysis Parameters Analysis Parameters
Type of ApplicationQuantification Type of ApplicationQuantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband Threshold setting Noiseband
Threshold level 138 Threshold level 147 Threshold level 146
Baseline setting Automatic Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF Drift Correction OFF




Figure 36: qPCR raw data of experiment number qPCR-10.5-1 (Plate 4, 5) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBR
cDNA:5-1A-P3 34.86 34.91 0.07 cDNA:5-1C-P3 30.01 30.04 0.08
cDNA:5-1A-P3 34.91 0.07 cDNA:5-1C-P3 29.98 30.04 0.08
cDNA:5-1A-P3 34.96 34.91 0.07 cDNA:5-1C-P3 30.13 30.04 0.08
cDNA:5-2A-P3 36.05 0.71 cDNA:5-2C-P3 30.27 30.51 0.30
cDNA:5-2A-P3 35.55 36.05 0.71 cDNA:5-2C-P3 30.85 30.51 0.30
cDNA:5-2A-P3 36.55 36.05 0.71 cDNA:5-2C-P3 30.40 30.51 0.30
cDNA:5-3A-P3 34.99 0.00 cDNA:5-3C-P3 32.05 32.49 0.41
cDNA:5-3A-P3 34.99 34.99 0.00 cDNA:5-3C-P3 32.55 32.49 0.41
cDNA:5-3A-P3 34.99 34.99 0.00 cDNA:5-3C-P3 32.86 32.49 0.41
cDNA:5-4A-P3 cDNA:5-4C-P3 33.83 33.92 0.30
cDNA:5-4A-P3 34.39 cDNA:5-4C-P3 33.68 33.92 0.30
cDNA:5-4A-P3 cDNA:5-4C-P3 34.26 33.92 0.30
cDNA:5-1A-P12 32.97 32.57 0.39 cDNA:5-1C-P12 30.20 29.93 0.28
cDNA:5-1A-P12 32.55 32.57 0.39 cDNA:5-1C-P12 29.96 29.93 0.28
cDNA:5-1A-P12 32.19 32.57 0.39 cDNA:5-1C-P12 29.64 29.93 0.28
cDNA:5-2A-P12 33.22 33.22 0.40 cDNA:5-2C-P12 29.76 29.68 0.20
cDNA:5-2A-P12 33.62 33.22 0.40 cDNA:5-2C-P12 29.82 29.68 0.20
cDNA:5-2A-P12 32.82 33.22 0.40 cDNA:5-2C-P12 29.44 29.68 0.20
cDNA:5-3A-P12 36.20 35.56 0.55 cDNA:5-3C-P12 31.78 31.73 0.13
cDNA:5-3A-P12 35.25 35.56 0.55 cDNA:5-3C-P12 31.59 31.73 0.13
cDNA:5-3A-P12 35.24 35.56 0.55 cDNA:5-3C-P12 31.83 31.73 0.13
cDNA:5-4A-P12 39.10 37.78 1.20 cDNA:5-4C-P12 34.11 34.27 0.61
cDNA:5-4A-P12 36.77 37.78 1.20 cDNA:5-4C-P12 34.94 34.27 0.61
cDNA:5-4A-P12 37.46 37.78 1.20 cDNA:5-4C-P12 33.75 34.27 0.61
cDNA:5-1A-rPOD 23.07 22.90 0.17 cDNA:5-1C-rPOD 23.68 23.47 0.19
cDNA:5-1A-rPOD 22.88 22.90 0.17 cDNA:5-1C-rPOD 23.34 23.47 0.19
cDNA:5-1A-rPOD 22.74 22.90 0.17 cDNA:5-1C-rPOD 23.38 23.47 0.19
cDNA:5-2A-rPOD 22.90 22.75 0.17 cDNA:5-2C-rPOD 22.37 22.19 0.19
cDNA:5-2A-rPOD 22.78 22.75 0.17 cDNA:5-2C-rPOD 22.00 22.19 0.19
cDNA:5-2A-rPOD 22.56 22.75 0.17 cDNA:5-2C-rPOD 22.21 22.19 0.19
cDNA:5-3A-rPOD 22.47 22.44 0.05 cDNA:5-3C-rPOD 22.72 22.66 0.10
cDNA:5-3A-rPOD 22.38 22.44 0.05 cDNA:5-3C-rPOD 22.71 22.66 0.10
cDNA:5-3A-rPOD 22.46 22.44 0.05 cDNA:5-3C-rPOD 22.54 22.66 0.10
cDNA:5-4A-rPOD 21.89 21.85 0.19 cDNA:5-4C-rPOD 22.50 22.42 0.08
cDNA:5-4A-rPOD 21.64 21.85 0.19 cDNA:5-4C-rPOD 22.34 22.42 0.08
cDNA:5-4A-rPOD 22.03 21.85 0.19 cDNA:5-4C-rPOD 22.41 22.42 0.08
cDNA:5-1B-P3 31.85 31.60 0.34 cDNA:5-1D-P3 29.38 28.88 0.43
cDNA:5-1B-P3 31.22 31.60 0.34 cDNA:5-1D-P3 28.57 28.88 0.43
cDNA:5-1B-P3 31.75 31.60 0.34 cDNA:5-1D-P3 28.71 28.88 0.43
cDNA:5-2B-P3 33.47 33.28 0.29 cDNA:5-2D-P3 30.18 30.20 0.03
cDNA:5-2B-P3 33.43 33.28 0.29 cDNA:5-2D-P3 30.24 30.20 0.03
cDNA:5-2B-P3 32.95 33.28 0.29 cDNA:5-2D-P3 30.18 30.20 0.03
cDNA:5-3B-P3 33.32 34.46 1.61 cDNA:5-3D-P3 31.34 31.36 0.04
cDNA:5-3B-P3 35.60 34.46 1.61 cDNA:5-3D-P3 31.41 31.36 0.04
cDNA:5-3B-P3 34.46 1.61 cDNA:5-3D-P3 31.33 31.36 0.04
cDNA:5-4B-P3 36.21 0.34 cDNA:5-4D-P3 32.74 33.07 0.29
cDNA:5-4B-P3 36.45 36.21 0.34 cDNA:5-4D-P3 33.30 33.07 0.29
cDNA:5-4B-P3 35.97 36.21 0.34 cDNA:5-4D-P3 33.18 33.07 0.29
cDNA:5-1B-P12 29.89 29.72 0.16 cDNA:5-1D-P12 28.91 28.51 0.36
cDNA:5-1B-P12 29.57 29.72 0.16 cDNA:5-1D-P12 28.34 28.51 0.36
cDNA:5-1B-P12 29.70 29.72 0.16 cDNA:5-1D-P12 28.26 28.51 0.36
cDNA:5-2B-P12 32.03 31.70 0.32 cDNA:5-2D-P12 30.07 29.88 0.17
cDNA:5-2B-P12 31.39 31.70 0.32 cDNA:5-2D-P12 29.76 29.88 0.17
cDNA:5-2B-P12 31.68 31.70 0.32 cDNA:5-2D-P12 29.81 29.88 0.17
cDNA:5-3B-P12 34.10 33.23 0.77 cDNA:5-3D-P12 30.95 31.05 0.14
cDNA:5-3B-P12 32.70 33.23 0.77 cDNA:5-3D-P12 31.00 31.05 0.14
cDNA:5-3B-P12 32.88 33.23 0.77 cDNA:5-3D-P12 31.21 31.05 0.14
cDNA:5-4B-P12 34.99 35.22 0.42 cDNA:5-4D-P12 33.33 33.47 0.83
cDNA:5-4B-P12 35.71 35.22 0.42 cDNA:5-4D-P12 34.36 33.47 0.83
cDNA:5-4B-P12 34.98 35.22 0.42 cDNA:5-4D-P12 32.71 33.47 0.83
cDNA:5-1B-rPOD 23.29 23.15 0.12 cDNA:5-1D-rPOD 23.54 23.34 0.18
cDNA:5-1B-rPOD 23.08 23.15 0.12 cDNA:5-1D-rPOD 23.19 23.34 0.18
cDNA:5-1B-rPOD 23.07 23.15 0.12 cDNA:5-1D-rPOD 23.27 23.34 0.18
cDNA:5-2B-rPOD 23.64 23.53 0.15 cDNA:5-2D-rPOD 23.34 23.27 0.10
cDNA:5-2B-rPOD 23.36 23.53 0.15 cDNA:5-2D-rPOD 23.31 23.27 0.10
cDNA:5-2B-rPOD 23.60 23.53 0.15 cDNA:5-2D-rPOD 23.16 23.27 0.10
cDNA:5-3B-rPOD 23.68 23.63 0.09 cDNA:5-3D-rPOD 23.15 22.94 0.24
cDNA:5-3B-rPOD 23.53 23.63 0.09 cDNA:5-3D-rPOD 22.67 22.94 0.24
cDNA:5-3B-rPOD 23.69 23.63 0.09 cDNA:5-3D-rPOD 23.00 22.94 0.24
cDNA:5-4B-rPOD 22.86 22.90 0.09 cDNA:5-4D-rPOD 22.60 22.72 0.17
cDNA:5-4B-rPOD 22.84 22.90 0.09 cDNA:5-4D-rPOD 22.65 22.72 0.17
cDNA:5-4B-rPOD 23.01 22.90 0.09 cDNA:5-4D-rPOD 22.92 22.72 0.17
S-P3-4 11.89 11.84 0.05 S-P3-4 12.24 12.32 0.10
S-P3-4 11.80 11.84 0.05 S-P3-4 12.30 12.32 0.10
S-P3-4 11.81 11.84 0.05 S-P3-4 12.43 12.32 0.10
S-P3-5 15.00 15.09 0.12 S-P3-5 16.29 15.93 0.31
S-P3-5 15.22 15.09 0.12 S-P3-5 15.75 15.93 0.31
S-P3-5 15.05 15.09 0.12 S-P3-5 15.75 15.93 0.31
No template control-P3 34.33 cDNA:5-RT-1B-P3
No template control-P3 cDNA:5-RT-1B-P3
No template control-P3 cDNA:5-RT-1B-P3
S-P3-7 21.63 21.64 0.01 S-P3-7 22.87 22.34 0.53
S-P3-7 21.64 0.01 S-P3-7 22.35 22.34 0.53
S-P3-7 21.64 21.64 0.01 S-P3-7 21.81 22.34 0.53
S-P12-4 11.95 11.93 0.07 S-P12-4 12.19 12.06 0.15
S-P12-4 11.99 11.93 0.07 S-P12-4 12.08 12.06 0.15
S-P12-4 11.86 11.93 0.07 S-P12-4 11.90 12.06 0.15
S-P12-5 15.58 15.47 0.09 S-P12-5 15.57 15.62 0.06
S-P12-5 15.40 15.47 0.09 S-P12-5 15.69 15.62 0.06
S-P12-5 15.43 15.47 0.09 S-P12-5 15.59 15.62 0.06
No template control-P12 cDNA:5-RT-1C-P12
No template control-P12 cDNA:5-RT-1C-P12
No template control-P12 cDNA:5-RT-1C-P12
S-P12-7 21.89 21.89 0.04 S-P12-7 21.97 21.12 1.57
S-P12-7 21.93 21.89 0.04 S-P12-7 22.08 21.12 1.57
S-P12-7 21.84 21.89 0.04 S-P12-7 19.31 21.12 1.57
Analysis Parameters Analysis Parameters
Type of Application Quantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband
Threshold level 147 Threshold level 152
Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF




Figure 37: qPCR raw data of experiment number qPCR-10.5-2 (Plate 1, 2, 3) 
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBRName Ct SYBR Ct Mean SYBR Ct Dev. SYBR
1X:10-P3 32.04 32.02 0.18 1A-P3 23.58 23.62 0.04 1C-P3 21.19 21.15 0.03
1X:10-P3 32.19 32.02 0.18 1A-P3 23.64 23.62 0.04 1C-P3 21.13 21.15 0.03
1X:10-P3 31.83 32.02 0.18 1A-P3 23.65 23.62 0.04 1C-P3 21.14 21.15 0.03
2X:10-P3 32.65 32.65 0.26 2A-P3 24.20 24.23 0.06 2C-P3 22.56 22.43 0.12
2X:10-P3 32.39 32.65 0.26 2A-P3 24.30 24.23 0.06 2C-P3 22.41 22.43 0.12
2X:10-P3 32.92 32.65 0.26 2A-P3 24.21 24.23 0.06 2C-P3 22.32 22.43 0.12
3X:10-P3 32.72 32.85 0.24 3A-P3 23.91 23.92 0.05 3C-P3 22.78 22.76 0.18
3X:10-P3 32.70 32.85 0.24 3A-P3 23.89 23.92 0.05 3C-P3 22.93 22.76 0.18
3X:10-P3 33.13 32.85 0.24 3A-P3 23.97 23.92 0.05 3C-P3 22.57 22.76 0.18
4X:10-P3 32.55 32.58 0.03 4A-P3 23.66 23.67 0.12 4C-P3 23.48 23.63 0.14
4X:10-P3 32.58 32.58 0.03 4A-P3 23.56 23.67 0.12 4C-P3 23.76 23.63 0.14
4X:10-P3 32.62 32.58 0.03 4A-P3 23.79 23.67 0.12 4C-P3 23.65 23.63 0.14
1X:10-P12 32.06 31.91 0.18 1A-P12 25.39 24.97 0.37 1C-P12 22.41 21.86 0.50
1X:10-P12 31.95 31.91 0.18 1A-P12 24.81 24.97 0.37 1C-P12 21.75 21.86 0.50
1X:10-P12 31.72 31.91 0.18 1A-P12 24.70 24.97 0.37 1C-P12 21.42 21.86 0.50
2X:10-P12 32.67 32.46 0.23 2A-P12 26.20 25.99 0.21 2C-P12 23.55 23.47 0.07
2X:10-P12 32.22 32.46 0.23 2A-P12 25.98 25.99 0.21 2C-P12 23.46 23.47 0.07
2X:10-P12 32.49 32.46 0.23 2A-P12 25.78 25.99 0.21 2C-P12 23.41 23.47 0.07
3X:10-P12 34.12 33.47 0.60 3A-P12 25.63 25.40 0.21 3C-P12 24.01 23.97 0.05
3X:10-P12 33.34 33.47 0.60 3A-P12 25.33 25.40 0.21 3C-P12 23.98 23.97 0.05
3X:10-P12 32.94 33.47 0.60 3A-P12 25.23 25.40 0.21 3C-P12 23.91 23.97 0.05
4X:10-P12 32.57 32.70 0.38 4A-P12 24.68 24.86 0.22 4C-P12 24.90 24.76 0.41
4X:10-P12 32.39 32.70 0.38 4A-P12 24.79 24.86 0.22 4C-P12 24.30 24.76 0.41
4X:10-P12 33.12 32.70 0.38 4A-P12 25.11 24.86 0.22 4C-P12 25.08 24.76 0.41
1X:10-rPOD 20.37 20.04 0.29 1A-rPOD 18.87 18.64 0.21 1C-rPOD 17.89 17.64 0.27
1X:10-rPOD 19.87 20.04 0.29 1A-rPOD 18.58 18.64 0.21 1C-rPOD 17.69 17.64 0.27
1X:10-rPOD 19.87 20.04 0.29 1A-rPOD 18.46 18.64 0.21 1C-rPOD 17.35 17.64 0.27
2X:10-rPOD 19.81 19.74 0.14 2A-rPOD 18.74 18.53 0.19 2C-rPOD 17.49 17.36 0.13
2X:10-rPOD 19.58 19.74 0.14 2A-rPOD 18.39 18.53 0.19 2C-rPOD 17.35 17.36 0.13
2X:10-rPOD 19.83 19.74 0.14 2A-rPOD 18.46 18.53 0.19 2C-rPOD 17.24 17.36 0.13
3X:10-rPOD 19.30 19.16 0.20 3A-rPOD 18.15 18.04 0.20 3C-rPOD 16.88 16.70 0.15
3X:10-rPOD 19.25 19.16 0.20 3A-rPOD 18.16 18.04 0.20 3C-rPOD 16.60 16.70 0.15
3X:10-rPOD 18.93 19.16 0.20 3A-rPOD 17.82 18.04 0.20 3C-rPOD 16.63 16.70 0.15
4X:10-rPOD 19.11 19.13 0.20 4A-rPOD 17.82 17.87 0.08 4C-rPOD 17.09 16.99 0.14
4X:10-rPOD 19.34 19.13 0.20 4A-rPOD 17.83 17.87 0.08 4C-rPOD 16.83 16.99 0.14
4X:10-rPOD 18.94 19.13 0.20 4A-rPOD 17.96 17.87 0.08 4C-rPOD 17.05 16.99 0.14
1V-P3 21.73 21.11 0.54 1B-P3 21.47 21.42 0.06 1D-P3 19.70 18.86 0.73
1V-P3 20.88 21.11 0.54 1B-P3 21.46 21.42 0.06 1D-P3 18.38 18.86 0.73
1V-P3 20.73 21.11 0.54 1B-P3 21.35 21.42 0.06 1D-P3 18.51 18.86 0.73
2V-P3 21.73 21.66 0.07 2B-P3 23.34 23.32 0.07 2D-P3 21.04 21.06 0.43
2V-P3 21.59 21.66 0.07 2B-P3 23.38 23.32 0.07 2D-P3 21.50 21.06 0.43
2V-P3 21.66 21.66 0.07 2B-P3 23.25 23.32 0.07 2D-P3 20.63 21.06 0.43
3V-P3 22.04 21.98 0.11 3B-P3 23.06 22.97 0.24 3D-P3 21.41 21.49 0.25
3V-P3 21.85 21.98 0.11 3B-P3 22.69 22.97 0.24 3D-P3 21.77 21.49 0.25
3V-P3 22.04 21.98 0.11 3B-P3 23.16 22.97 0.24 3D-P3 21.30 21.49 0.25
4V-P3 22.09 22.08 0.06 4B-P3 23.67 23.53 0.12 4D-P3 23.32 23.42 0.30
4V-P3 22.13 22.08 0.06 4B-P3 23.48 23.53 0.12 4D-P3 23.20 23.42 0.30
4V-P3 22.01 22.08 0.06 4B-P3 23.44 23.53 0.12 4D-P3 23.76 23.42 0.30
1V-P12 21.30 21.00 0.26 1B-P12 22.95 22.91 0.10 1D-P12 20.23 20.52 0.26
1V-P12 20.81 21.00 0.26 1B-P12 22.80 22.91 0.10 1D-P12 20.74 20.52 0.26
1V-P12 20.91 21.00 0.26 1B-P12 22.99 22.91 0.10 1D-P12 20.59 20.52 0.26
2V-P12 21.55 21.45 0.14 2B-P12 24.63 24.43 0.37 2D-P12 21.89 22.31 0.36
2V-P12 21.30 21.45 0.14 2B-P12 24.00 24.43 0.37 2D-P12 22.49 22.31 0.36
2V-P12 21.52 21.45 0.14 2B-P12 24.65 24.43 0.37 2D-P12 22.54 22.31 0.36
3V-P12 21.56 21.70 0.12 3B-P12 24.57 24.33 0.38 3D-P12 21.90 22.42 0.46
3V-P12 21.78 21.70 0.12 3B-P12 23.89 24.33 0.38 3D-P12 22.58 22.42 0.46
3V-P12 21.76 21.70 0.12 3B-P12 24.51 24.33 0.38 3D-P12 22.77 22.42 0.46
4V-P12 21.91 21.65 0.25 4B-P12 24.67 24.43 0.22 4D-P12 24.68 24.08 0.57
4V-P12 21.42 21.65 0.25 4B-P12 24.23 24.43 0.22 4D-P12 23.56 24.08 0.57
4V-P12 21.61 21.65 0.25 4B-P12 24.40 24.43 0.22 4D-P12 24.01 24.08 0.57
1V-rPOD 30.90 30.82 0.26 1B-rPOD 17.77 17.36 0.52 1D-rPOD 17.99 17.42 0.50
1V-rPOD 31.02 30.82 0.26 1B-rPOD 17.53 17.36 0.52 1D-rPOD 17.03 17.42 0.50
1V-rPOD 30.52 30.82 0.26 1B-rPOD 16.78 17.36 0.52 1D-rPOD 17.25 17.42 0.50
2V-rPOD 30.70 30.91 0.19 2B-rPOD 17.22 17.08 0.19 2D-rPOD 16.82 16.52 0.28
2V-rPOD 30.95 30.91 0.19 2B-rPOD 16.87 17.08 0.19 2D-rPOD 16.48 16.52 0.28
2V-rPOD 31.07 30.91 0.19 2B-rPOD 17.17 17.08 0.19 2D-rPOD 16.26 16.52 0.28
3V-rPOD 29.95 30.41 0.40 3B-rPOD 17.28 17.12 0.18 3D-rPOD 15.70 15.74 0.04
3V-rPOD 30.69 30.41 0.40 3B-rPOD 17.14 17.12 0.18 3D-rPOD 15.75 15.74 0.04
3V-rPOD 30.58 30.41 0.40 3B-rPOD 16.93 17.12 0.18 3D-rPOD 15.78 15.74 0.04
4V-rPOD 30.20 30.16 0.52 4B-rPOD 17.03 16.97 0.08 4D-rPOD 16.03 15.75 0.27
4V-rPOD 29.63 30.16 0.52 4B-rPOD 16.88 16.97 0.08 4D-rPOD 15.71 15.75 0.27
4V-rPOD 30.66 30.16 0.52 4B-rPOD 17.00 16.97 0.08 4D-rPOD 15.49 15.75 0.27
S-P3-4 11.59 11.51 0.11 S-P3-4 11.34 11.33 0.10 S-P3-4 11.87 11.77 0.08
S-P3-4 11.38 11.51 0.11 S-P3-4 11.43 11.33 0.10 S-P3-4 11.74 11.77 0.08
S-P3-4 11.56 11.51 0.11 S-P3-4 11.23 11.33 0.10 S-P3-4 11.72 11.77 0.08
S-P3-5 15.03 15.00 0.03 S-P3-5 14.90 14.81 0.11 S-P3-5 15.12 15.09 0.08
S-P3-5 14.98 15.00 0.03 S-P3-5 14.83 14.81 0.11 S-P3-5 15.15 15.09 0.08
S-P3-5 14.99 15.00 0.03 S-P3-5 14.68 14.81 0.11 S-P3-5 14.99 15.09 0.08
S-P3-6 18.20 18.27 0.13 S-P3-6 17.90 17.90 0.02 S-P3-6 18.17 18.24 0.07
S-P3-6 18.41 18.27 0.13 S-P3-6 17.92 17.90 0.02 S-P3-6 18.31 18.24 0.07
S-P3-6 18.18 18.27 0.13 S-P3-6 17.88 17.90 0.02 S-P3-6 18.26 18.24 0.07
S-P3-7 21.42 21.46 0.06 S-P3-7 20.95 21.11 0.23 S-P3-7 21.20 21.32 0.17
S-P3-7 21.46 0.06 S-P3-7 21.11 0.23 S-P3-7 21.32 0.17
S-P3-7 21.51 21.46 0.06 S-P3-7 21.28 21.11 0.23 S-P3-7 21.44 21.32 0.17
S-P12-4 12.20 12.10 0.13 S-P12-4 13.19 13.00 0.20 S-P12-4 14.02 13.72 0.31
S-P12-4 11.95 12.10 0.13 S-P12-4 13.03 13.00 0.20 S-P12-4 13.75 13.72 0.31
S-P12-4 12.15 12.10 0.13 S-P12-4 12.79 13.00 0.20 S-P12-4 13.40 13.72 0.31
S-P12-5 15.37 15.33 0.06 S-P12-5 16.84 16.79 0.05 S-P12-5 16.89 16.93 0.11
S-P12-5 15.36 15.33 0.06 S-P12-5 16.74 16.79 0.05 S-P12-5 17.05 16.93 0.11
S-P12-5 15.26 15.33 0.06 S-P12-5 16.79 16.79 0.05 S-P12-5 16.85 16.93 0.11
S-P12-6 18.68 18.63 0.05 S-P12-6 19.90 19.93 0.42 S-P12-6 20.39 20.03 0.32
S-P12-6 18.57 18.63 0.05 S-P12-6 19.53 19.93 0.42 S-P12-6 19.80 20.03 0.32
S-P12-6 18.62 18.63 0.05 S-P12-6 20.36 19.93 0.42 S-P12-6 19.90 20.03 0.32
S-P12-7 22.07 22.04 0.12 S-P12-7 23.29 23.24 0.21 S-P12-7 23.44 23.25 0.24
S-P12-7 21.92 22.04 0.12 S-P12-7 23.41 23.24 0.21 S-P12-7 23.33 23.25 0.24
S-P12-7 22.14 22.04 0.12 S-P12-7 23.00 23.24 0.21 S-P12-7 22.98 23.25 0.24
Analysis Parameters Analysis Parameters Analysis Parameters
Type of ApplicationQuantification Type of ApplicationQuantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband Threshold setting Noiseband
Threshold level 146 Threshold level 144 Threshold level 151
Baseline setting Automatic Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF Drift Correction OFF




Figure 38: qPCR raw data of experiment number qPCR-8-1 (Plate 4, 5)  
Name Ct SYBR Ct Mean SYBR Ct Dev. SYBRName Ct SYBR Ct Mean SYBRCt Dev. SYBR
cDNA:5-1A-P3 36.77 36.34 0.61 cDNA:5-1C-P3 30.13 30.33 0.19
cDNA:5-1A-P3 35.91 36.34 0.61 cDNA:5-1C-P3 30.50 30.33 0.19
cDNA:5-1A-P3 36.34 0.61 cDNA:5-1C-P3 30.35 30.33 0.19
cDNA:5-2A-P3 cDNA:5-2C-P3 33.00 32.54 0.42
cDNA:5-2A-P3 cDNA:5-2C-P3 32.45 32.54 0.42
cDNA:5-2A-P3 cDNA:5-2C-P3 32.18 32.54 0.42
cDNA:5-3A-P3 cDNA:5-3C-P3 34.03 33.89 0.65
cDNA:5-3A-P3 cDNA:5-3C-P3 34.45 33.89 0.65
cDNA:5-3A-P3 cDNA:5-3C-P3 33.17 33.89 0.65
cDNA:5-4A-P3 cDNA:5-4C-P3 35.84 36.32 0.95
cDNA:5-4A-P3 cDNA:5-4C-P3 37.41 36.32 0.95
cDNA:5-4A-P3 cDNA:5-4C-P3 35.70 36.32 0.95
cDNA:5-1A-P12 33.48 32.85 0.55 cDNA:5-1C-P12 31.37 31.17 0.19
cDNA:5-1A-P12 32.57 32.85 0.55 cDNA:5-1C-P12 30.99 31.17 0.19
cDNA:5-1A-P12 32.50 32.85 0.55 cDNA:5-1C-P12 31.15 31.17 0.19
cDNA:5-2A-P12 35.98 36.18 0.63 cDNA:5-2C-P12 33.04 33.29 0.28
cDNA:5-2A-P12 35.68 36.18 0.63 cDNA:5-2C-P12 33.59 33.29 0.28
cDNA:5-2A-P12 36.89 36.18 0.63 cDNA:5-2C-P12 33.24 33.29 0.28
cDNA:5-3A-P12 36.62 cDNA:5-3C-P12 34.50 34.39 0.18
cDNA:5-3A-P12 cDNA:5-3C-P12 34.48 34.39 0.18
cDNA:5-3A-P12 cDNA:5-3C-P12 34.18 34.39 0.18
cDNA:5-4A-P12 cDNA:5-4C-P12 36.41 36.70 0.51
cDNA:5-4A-P12 36.38 cDNA:5-4C-P12 36.39 36.70 0.51
cDNA:5-4A-P12 cDNA:5-4C-P12 37.29 36.70 0.51
cDNA:5-1A-rPOD 22.80 22.44 0.32 cDNA:5-1C-rPOD 24.09 23.80 0.25
cDNA:5-1A-rPOD 22.25 22.44 0.32 cDNA:5-1C-rPOD 23.73 23.80 0.25
cDNA:5-1A-rPOD 22.26 22.44 0.32 cDNA:5-1C-rPOD 23.59 23.80 0.25
cDNA:5-2A-rPOD 23.57 23.32 0.23 cDNA:5-2C-rPOD 23.83 23.69 0.14
cDNA:5-2A-rPOD 23.13 23.32 0.23 cDNA:5-2C-rPOD 23.55 23.69 0.14
cDNA:5-2A-rPOD 23.26 23.32 0.23 cDNA:5-2C-rPOD 23.68 23.69 0.14
cDNA:5-3A-rPOD 22.40 22.37 0.03 cDNA:5-3C-rPOD 23.40 23.39 0.14
cDNA:5-3A-rPOD 22.34 22.37 0.03 cDNA:5-3C-rPOD 23.52 23.39 0.14
cDNA:5-3A-rPOD 22.38 22.37 0.03 cDNA:5-3C-rPOD 23.24 23.39 0.14
cDNA:5-4A-rPOD 21.44 21.28 0.19 cDNA:5-4C-rPOD 24.01 23.85 0.15
cDNA:5-4A-rPOD 21.07 21.28 0.19 cDNA:5-4C-rPOD 23.71 23.85 0.15
cDNA:5-4A-rPOD 21.31 21.28 0.19 cDNA:5-4C-rPOD 23.82 23.85 0.15
cDNA:5-1B-P3 31.31 30.88 0.51 cDNA:5-1D-P3 29.55 29.12 0.39
cDNA:5-1B-P3 31.01 30.88 0.51 cDNA:5-1D-P3 29.03 29.12 0.39
cDNA:5-1B-P3 30.32 30.88 0.51 cDNA:5-1D-P3 28.78 29.12 0.39
cDNA:5-2B-P3 33.93 33.35 0.53 cDNA:5-2D-P3 31.56 31.66 0.25
cDNA:5-2B-P3 32.90 33.35 0.53 cDNA:5-2D-P3 31.49 31.66 0.25
cDNA:5-2B-P3 33.22 33.35 0.53 cDNA:5-2D-P3 31.95 31.66 0.25
cDNA:5-3B-P3 33.62 33.32 0.44 cDNA:5-3D-P3 32.34 31.78 0.54
cDNA:5-3B-P3 33.01 33.32 0.44 cDNA:5-3D-P3 31.27 31.78 0.54
cDNA:5-3B-P3 33.32 0.44 cDNA:5-3D-P3 31.74 31.78 0.54
cDNA:5-4B-P3 cDNA:5-4D-P3 34.32 0.20
cDNA:5-4B-P3 cDNA:5-4D-P3 34.18 34.32 0.20
cDNA:5-4B-P3 cDNA:5-4D-P3 34.46 34.32 0.20
cDNA:5-1B-P12 29.29 29.00 0.25 cDNA:5-1D-P12 30.17 29.73 0.39
cDNA:5-1B-P12 28.85 29.00 0.25 cDNA:5-1D-P12 29.56 29.73 0.39
cDNA:5-1B-P12 28.87 29.00 0.25 cDNA:5-1D-P12 29.46 29.73 0.39
cDNA:5-2B-P12 31.54 31.56 0.17 cDNA:5-2D-P12 32.89 33.04 0.15
cDNA:5-2B-P12 31.73 31.56 0.17 cDNA:5-2D-P12 33.17 33.04 0.15
cDNA:5-2B-P12 31.39 31.56 0.17 cDNA:5-2D-P12 33.06 33.04 0.15
cDNA:5-3B-P12 32.22 32.72 0.72 cDNA:5-3D-P12 32.87 33.02 0.27
cDNA:5-3B-P12 33.54 32.72 0.72 cDNA:5-3D-P12 32.85 33.02 0.27
cDNA:5-3B-P12 32.40 32.72 0.72 cDNA:5-3D-P12 33.33 33.02 0.27
cDNA:5-4B-P12 38.73 36.41 2.02 cDNA:5-4D-P12 35.95 35.85 0.13
cDNA:5-4B-P12 35.02 36.41 2.02 cDNA:5-4D-P12 35.70 35.85 0.13
cDNA:5-4B-P12 35.49 36.41 2.02 cDNA:5-4D-P12 35.90 35.85 0.13
cDNA:5-1B-rPOD 22.58 22.23 0.31 cDNA:5-1D-rPOD 23.14 22.97 0.15
cDNA:5-1B-rPOD 22.07 22.23 0.31 cDNA:5-1D-rPOD 22.90 22.97 0.15
cDNA:5-1B-rPOD 22.03 22.23 0.31 cDNA:5-1D-rPOD 22.87 22.97 0.15
cDNA:5-2B-rPOD 22.42 22.37 0.04 cDNA:5-2D-rPOD 23.21 23.40 0.17
cDNA:5-2B-rPOD 22.36 22.37 0.04 cDNA:5-2D-rPOD 23.55 23.40 0.17
cDNA:5-2B-rPOD 22.34 22.37 0.04 cDNA:5-2D-rPOD 23.45 23.40 0.17
cDNA:5-3B-rPOD 22.31 22.12 0.19 cDNA:5-3D-rPOD 22.83 22.77 0.08
cDNA:5-3B-rPOD 21.92 22.12 0.19 cDNA:5-3D-rPOD 22.67 22.77 0.08
cDNA:5-3B-rPOD 22.12 22.12 0.19 cDNA:5-3D-rPOD 22.80 22.77 0.08
cDNA:5-4B-rPOD 22.69 22.66 0.09 cDNA:5-4D-rPOD 22.23 22.27 0.04
cDNA:5-4B-rPOD 22.73 22.66 0.09 cDNA:5-4D-rPOD 22.27 22.27 0.04
cDNA:5-4B-rPOD 22.55 22.66 0.09 cDNA:5-4D-rPOD 22.31 22.27 0.04
S-P3-4 11.81 11.72 0.17 S-P3-4 11.81 11.82 0.05
S-P3-4 11.82 11.72 0.17 S-P3-4 11.88 11.82 0.05
S-P3-4 11.53 11.72 0.17 S-P3-4 11.78 11.82 0.05
S-P3-5 15.04 15.01 0.14 S-P3-5 15.37 15.26 0.12
S-P3-5 15.13 15.01 0.14 S-P3-5 15.14 15.26 0.12




S-P3-7 21.82 21.81 0.01 S-P3-7 21.73 21.78 0.07
S-P3-7 21.81 0.01 S-P3-7 21.78 0.07
S-P3-7 21.80 21.81 0.01 S-P3-7 21.83 21.78 0.07
S-P12-4 12.03 11.95 0.09 S-P12-4 12.63 12.68 0.04
S-P12-4 11.96 11.95 0.09 S-P12-4 12.71 12.68 0.04
S-P12-4 11.85 11.95 0.09 S-P12-4 12.70 12.68 0.04
S-P12-5 15.45 15.39 0.11 S-P12-5 15.81 15.68 0.13
S-P12-5 15.45 15.39 0.11 S-P12-5 15.69 15.68 0.13
S-P12-5 15.26 15.39 0.11 S-P12-5 15.55 15.68 0.13
S-P12-6 cDNA:5-RT-1D-P12 35.60 1.05
S-P12-6 cDNA:5-RT-1D-P12 36.34 35.60 1.05
S-P12-6 cDNA:5-RT-1D-P12 34.86 35.60 1.05
S-P12-7 22.05 22.04 0.29 S-P12-7 22.87 22.67 0.27
S-P12-7 22.32 22.04 0.29 S-P12-7 22.79 22.67 0.27
S-P12-7 21.74 22.04 0.29 S-P12-7 22.36 22.67 0.27
Analysis Parameters Analysis Parameters
Type of Application Quantification Type of Application Quantification
Dye(s) SYBR Dye(s) SYBR
Inverted Data OFF Inverted Data OFF
Threshold setting Noiseband Threshold setting Noiseband
Threshold level 140 Threshold level 143
Baseline setting Automatic Baseline setting Automatic
Drift Correction OFF Drift Correction OFF
Pla+A1:H73te 4 (cDNA) Plate 5 (cDNA)
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APPENDIX C: DATA PROCESSING 
 
C.1 CT values 
Chick enunciated that the microbial inactivation happened in water disinfection closely 





where 𝑘 is a constant. This expression represents a second order reaction. When C does not change 
much, the reaction becomes pseudo-first order reaction. Because 
𝑁
𝑁0
  is proportional to CT, the 
concept of CT is generally used to represent the disinfectant dosage in the water treatment industry. 
 
C.2 Two reaction model 
For the slow-fast inactivation kinetics as that depicted in Figure 39, a two-reaction model 




𝑒−𝑘1𝐶𝑇                       𝐶𝑇 < 𝐶𝑇1
𝑁1
𝑁0
𝑒−(𝑘1+𝑘2)𝐶𝑇         𝐶𝑇 ≥ 𝐶𝑇1
                  (3)  
where 𝑘1 and 𝑘2 are the rate constants of the two 
reactions, and can be obtained from the slopes of the 
kinetics. At point A, 𝑒−𝑘1𝐶𝑇1 =
𝑁1
𝑁0
𝑒−(𝑘1+𝑘2)𝐶𝑇1, so that 
𝑁1
𝑁0
=  𝑒𝑘2𝐶𝑇1.  
 
 
                                                            
1 Edzwald, J. K. (2010). Water Quality and Treatment A Handbook on Drinking Water. McGrawHill: Chapter 17. 
𝐶𝑇1 
𝑘1 
𝑘1 + 𝑘2 
 
𝐴 
Figure 39: Slow-fast inactivation 
kinetics model (a sketch) 
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C.3 ∆∆𝑪𝒒  Equation 
The ∆∆𝐶𝑞 equation was used to determine the relative expression level of the qPCR results: 
∆∆𝐶𝑞,𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑜𝑟 = 𝐴 − 𝐵, ∆∆𝐶𝑞,𝑠𝑎𝑚𝑝𝑙𝑒 = 𝐶 − 𝐷, and 𝑅 = 2
−∆∆𝐶𝑞 = 2−(∆∆𝐶𝑞,𝑠𝑎𝑚𝑝𝑙𝑒−∆∆𝐶𝑞,𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑜𝑟) 
 
Table 4: Definitions of the Terms in ∆∆𝐶𝑞  Equation 
 P3/P12 𝐶𝑞
* value rpoD gene 𝐶𝑞 value 
Untreated PR772 (Calibrator) 𝐴 𝐵 
Treated PR772 (Sample Condition) 𝐶 𝐷 
*𝐶𝑞 value is the quantified fluorescence data derived from the qPCR. 
 
C.4 Absolute quantification of the qPCR data 
P12, P3 and rpoD gene copies were amplified using conventional PCR and purified using 
QIAquick PCR Purification Kit (Qiagen, Valencia, CA). Knowing that the three genes contain 108 
base pairs (bp), 102 bp and 115 bp, the molecular weight of double-stranded DNA molecules was 
(MW) = (number of bp)×(650 g/mol/bp), so the gene copies number concentration could be 
calculated by: 
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑐𝑜𝑝𝑖𝑒𝑠/𝜇𝐿 = 𝑀 (𝑛𝑔 𝜇𝐿) ×
1𝑔
109𝑛𝑔
/𝑀𝑊⁄ × (6.02 × 1023𝑚𝑜𝑙−1) 
M is the weight concentration of nucleotide measured by Nanodrop. Before starting the molecular 
work, standard curves for each amplicons were carefully made with the serial dilutions of the 
concentrated amplicons to examine the system (see Figures 40, 41, 42), and 4 dilutions with the 
highest linearity were selected for each gene to be used for each qPCR plate – every time for 
running a qPCR plate, the concentrated amplicons were measured via Nanodrop and diluted, and 
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the P12 and P3 amplicons with dilution factors of 104, 105, 106 and 107 were used for running the 
same qPCR plate as the samples, so that two standard curves for P12 and P3 were precisely 
obtained for every plate. The average efficiency of all the plates covered by this thesis were 


























Figure 42: Standard Curve of the qPCR system of rpoD gene 
Figure 41: Standard Curve of the qPCR system of P3 gene 
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C.5 One-tailed t test 
The absolute samples of DNA replication were analyzed using one-tailed t test to analyze 
if the absolute number of gene copies at 1, 2, and 3 h p.i. were statistically greater than the original 
baseline number of copies from 0 h p.i.  Those with P > 0.1 were determined to be statically similar 
to the baseline number of copies, which indicates that comparing to the initial samples, the samples 
at 1, 2 or 3 h p.i. had not have statistically significant amount of increase in DNA copies. The 
corresponding relative ratio data points were removed from Figure 8. 
 
 
 
